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CHAPTER 10
GENERAL

10. INTRODUCTION

10.1  Acknowledgment
Thetechnica guidance in this document has primarily been taken from Recommended Standards for
Wastewater Facilities 1990 Edition ("Ten States Standards'). The Department gratefully

acknowledges the Great Lakes - Upper Missssippi River Board of State Sanitary Engineersfor
alowing the use of the Board's guidance.

10.2 Applicability

This document, Guidance for the Design of Publicly Owned Wastewater Fadilities ("Guidance"), should
be used as aguide in the design and preparation of plans and specifications for publicly owned
wastewater facilities, insofar as this guidance is gpplicable to norma situations for an individua project.
Plans, specifications, and contract documents should conform to the applicable itemsin the Guidance
whether or not the facilities receive funding from a State Revolving Fund (SRF).

This document is not a regulation or a standard and has therefore not been adopted by the Commission
on Environmenta Quality. However, owners, consulting engineers, and other partiesinvolved in the
congtruction of any wastewater collection or trestment facility in the State should be aware of, and must
comply with, the Commission's "Wastewater Regulations for Nationd Pollutant Discharge Elimination
System (NPDES) Permits, State Operating Permits, Water Quaity Based Effluent Limitations and
Water Qudity Certification (Wastewater Regulations)”, and al other gpplicable laws and regulations.
This guidance does not supersede any other existing laws, ordinances, regulations, or standards. If such
conflicts arise, the designer should contact the Department and the other gppropriate agencies for
instruction on how to proceed.

It should be recognized that Smply complying with the items herein does not ensure thet adesign is
correct, or even adequate, but only minimally acceptable to the Department. High qudity projects will
routingly exceed the minimum standards stipulated herein, and such qudity will likely be reflected in the
performance, vaue and satisfaction obtained from such adesign. Further, the Department neither
warrants nor assumes any responsibility for any design of any project governed by this Guidance Itis
the owner's and/or desigh engineer's responsibility to ensure that such project designs and specifications
are correct and adequate. Should anything contained herein appear to conflict with good design
practice, such ingtance should be brought to the Department's attention immediately for resolution.

Plans, specifications and contract documents that vary from this guidance may be submitted and
approved (as specified by gpplicable regulations) when properly justified by the consulting engineer
and/or supported by reference to Metcalf and Eddy, WPCF manuals of practice, EPA publications, or
other appropriate publications. Although the words"shal" and "must" are used extensively, they areto
be interpreted in the context of this section (10.2 Applicability) of the Guidance.

It is recognized that this Guidance does not completely address every conceivable situation concerning
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the design, ingpection, testing, or contracting of publicly owned water or wasteweter facilities
congruction. Therefore, when any issue arises which is not explicitly covered by the Guidance the
Department may require additional documentation or justification of the reasonableness or adequeacy of
the plans, specifications and contract documents. The Department may withhold completion of review
or gpprova until such documentation, judtification, or document changes are submitted and determined
acceptable.

Many of the non-technicd itemsin the Guidance gpply only to facilities thet receive funding from a Clean
Water State Revolving Fund Loan. CW SRF-only review itemsare contained in Section 11 or are
identified with an asterisk (*). Theseitems may dso be used, but will not be reviewed by the
Department, on non-CWSRF projects. In addition, these same items will usudly apply to projects
funded by the Drinking Water Systems Improvements Revolving Loan Funds (DWSIRLF). Typically,
the technica review of DWSIRLF projects will not be performed herein. All DWSIRLF designs shdll
aso conform to the technica requirements of the DOH, which are contained in their Recommended
Minimum Design Criteria For Community Public Water Supplies (Criteria), or its successor.

In al cases, Chapter 10 of this document shall be gpplied. Other chapters shall be used as applicable to
the particular project, and shall be listed on the title sheet of this Guidance.

*11. GENERAL CONTRACT DOCUMENTSFOR CWSRF/DWSIRLF ONLY

The items listed in Section 11 apply to CWSRF and DWSIRLF projects but may not apply to
non SRF projects.

11.1 Information to Bidders

The contract documents shal include an "Information to Bidders' section provided by the
Department, or equivalent. The following items shal beincluded (g, b, h, i and j reviewed by
Program Support Section):

a Advertisement for Bids, which must include:

1 The Rurd Minority Business Development Center (RMBDC) and the Contract
Procurement Center closest to the project as locations where contract
documents may be examined. Other agencies may be stipulated by the
Department aswell;

2. The statement that "Minority and women's business enterprises are solicited to
bid as prime contractors and encouraged to make inquiries regarding potentia
subcontracting opportunities, equipment, material and supply needs,” and;

3. The statement that "Any contracts awarded under this Invitation for Bids are
expected to be funded in part by the Clean Water State Revolving Fund Loan
or Drinking Water Systems Improvements Loan Fund Program from the State
of Mississippi. Neither the State of Mississippi nor any of its departments,
agencies or employeesis or will be a party to the invitation for bids or any
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m

11.2

resulting contract. The procurement is subject to Section 1V, Appendix D of
the CWSRF or DWSIRLF Loan Program Regulations."

Ingructions for Bidders, which must include:

1 The RMBDC and the Contract Procurement Center closest to the project area
as agencies that may be contacted for sources of minority and women-owned
firms. Other agencies may be stipulated by the Department as well.

2. The minority and women business fair share objectives and must inform bidders
that documentation of efforts to utilize minority and women-owned firms must
be maintained by al bidders.

Bid Form

Bid Bond Form

Agreament

Payment Bond Form

Performance Bond Form

EEO Forms

Debarment Certification Form

MBE/WBE Documentation Requirements

Notice of Award Form

Notice to Proceed Form

Change Order Form

General Conditions

The contract documents shal include a set of generd conditions which describes the generd

responghilities of al parties. The genera conditions may be provided by one or more of the
following sources.

a

b.

SRFLF40

"Generd Conditions' provided by the Department.

Standard Generd Conditions of the Construction Contract published by the NSPE and
the ASCE.
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C.

Generd conditions developed by the consulting engineer which are subgtantialy
equivaent to the "Genera Conditions' provided by the Department.

In every case, the generd conditions shdll:

113

Allow the loan recipient to retain a certain percentage of the progress payments
otherwise due the contractor until the building of the project is substantialy complete, in
accordance with State law;

Require the contractor to obtain and maintain the gppropriate insurance coverage,
including flood insurance if applicable, and;

Include an arbitration clause or acceptable procedure regarding the handling of claims,
disputes and other matters in question arising out of, or related to, the agreement or the
breach thereof, in accordance with state law.

Supplemental General Conditions

The contract documents shall include the " Supplemental Generd Condiitions' verbatim, as
provided by the Department. Attached to the SGC=s shdl be alist of qudified minority and
women bus ness enterprises for the contractors use. (Reviewed by PSS)

114

a

Biddability and Constructability

All bid items shdl be covered by an appropriate messurement and payment
paragraph and vice versa.

Quartities shown on the plans shall agree with those listed on the bid form.
All requirements shall be clear and concise.

All work shdl require methods and materids which, insofar as practica, gppear to be
cogt effective, logical, and reasonably accomplishable by a competent contractor.

The contract time shdl be counted in calendar days, and normal wesether shall be
assumed and alowed for in the origind contract time.

There shdl be no conflicts or confusion between the plans and the specifications or any
Fctions thereof.

9 February 1, 1999
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115 SRF Eligibility

a

All bid items shadl be noted and separated on the bid form as "Eligible" or "Indigible”,
with such determinations being made in accordance with CWSRF or DWSIRLF regs,,
Appendix A. It is emphasized that SRF digibility shal conform to the "exiding
community" (1972) rule for conventiond gravity collector sewers. Related work thet is
included in aline item bid or itemsincluded in alump sum bid, etc. are subject to the
igibility review aswell, possibly necesstating segregation of the bid items for
digibility/dlowability purposes.

Sewer rehabilitation digibility shal conform to Chapter 20B.

Liquidated damages shall be &t least $200 per calendar day, unless otherwise
approved.

Specifications shall include technica data useful and identified for the purpose of
establishing CWSRF/DWSIRLF Project Performance Standards.

The bid form shal identify, by defined asterisks or other notation, potential
subcontracting opportunities, materia and supply needs that can be made available to
minority and women business enterprises. For lump sum type contracts or bid items, a
written notification identifying the subcontracting opportunities may be inserted with the
bid formin lieu of using asterisks. (Reviewed by PSS)

11.6 Comparison of Facilities Plan to Plans and Specifications

The quartitiesin the plans and specifications must generdly agree with the facilities plan.

FadilitiesPlan Plans and Specifications

Gravity Sewer Lines

Szegin. Length, ft. Szein. Length, ft.
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Force Mains, Pressure Sewers, and Water Lines

Szegin. Length, ft. Szein. Length, ft.
Pumping Stations and Wdls

Locetionor  Capacity, Locationor  Capecity,

ID Number  gpm @TDH ID Number  gpm @ TDH

Treatment Units and Water Tanks/Enclosed Reservoirs

Description, Size, Etc. Description, Size, Etc.

Other

SRFLF40 11 February 1, 1999
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11.7 Environmental Impact and Other Submittals

a

Have the steps, if any, that were reasonable and included in the facilities plan
been taken to ensure that the facility is visudly compatible with its present and
future surroundings?

()YES ()NO

Have adequate provisions have been made for minimizing erosion during
congruction?

() YES ()NO

Does the facilities plan or FONS! require mitigative measures or specid
congtruction methods?

( )YES ( )NO

If yes, list them and indicate whether they areincluded in the plans/specs.

Has the loan recipient obtained any Section 10 or Section 404 Permits, and dl
other Intergovernmental Review Agency approvas/clearances required for the
project? (Any such permits/approvals/clesrances must be obtained by the
Priority System deedlines).

()Yes ( )NO ( )NA

Has a solid waste disposd application been submitted to the Department?
()Yes()NO ()NA

Have the accepted V E recommendations been incorporated?

()Yes ( )NO ()NA

Has an NPDES or state operating permit application been received?

( )Yes( )No( )NA

Has the permit beenissued? ( )Yes ( )No ( )NA

The permit must be issued prior to approva of PIS for treatment facilities unless
alowed by CB (CWSRF) or MPCB/EPD (Non-SRF) Chief.
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12. PLANS
121 Generd

All plans shdl bear a suitable title showing the name of the owner, whether amunicipdity,
digtrict, asociation, or indtitution. They shall show the scdlein feet, agraphicd scae, the north
point, and date. The plans shall be signed, sedled, and dated by the Mississippi Registered
Professiond Engineer responsible for their development in a manner consistent with the
requirements of the State Board of Regigtration for Professiona Engineers and Land Surveyors,
asthey apply generdly to the practice of engineering. Nothing hereinisto be construed as
alowing any such work to be performed other than by or under the direct supervision of a
Registered Mississippi Professiona Engineer.

The plans shdl be of professond qudlity, dear and legible (suitable for microfilming). They shdl
be drawn to a scale which will permit dl necessary information to be plainly shown. Generdly,
the size of the plans should not be larger than 30 inches x 42 inches. Datum used should be
indicated. Locations and data of test borings and wells, when made, shall be shown on the
plans.

The plans for wastewater trestment facilities and for drinking weter treatment facilities that
include unit processes that require a wastewater permit shal include a drawing which shows
adjacent zoning, the surrounding property lines and that the required 150 foot buffer zone will
exig for facilities with wastewater permits. The buffer zoneis not required where the adjoining
property is zoned for commercia or indudtria use, where the adjoining property, dwelling, or
commercid establishment is used for commercid or industrial use, or for collectors,
interceptors, or pump stations, or where written waivers from affected property owners are
submitted and a variance is granted by the Permit Board. Refer to the CWSRF or
DWSIRLF regulations, Appendix N, NPDES and Siting Criteria Regulations.

Detail plans shdl condst of: plan views, devations, sections and supplementary views which,
together with the specifications and generd layouts, provide the working information for the
contract and condruction of the facilities. They shdl dsoindude: dimensions and relative
devations of structures, the location and outline form of equipment, location and Size of piping,
water levels, and ground elevations.

122 Plansof Sewers

12.2.1 General Plan
A complete plan of exigting and proposed sewers shal be submitted for projectsinvolving new
sewer systems and additions to existing systems. Plans and specifications for service lines and
connections only, or for smple rehabilitation/replacement of exigting, previoudy agpproved

sawers need not be submitted unless required under the CWSRF program. Combined sanitary
and storm sawers are not dlowed. This plan shal show the following:
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12211 Geographical Features
Topography and elevations - Exigting or proposed streets and dl ditches, streams,
rivers and water surfaces shdl be clearly shown. Contour lines a suiteble intervals
should beincluded.

Boundaries- The boundary lines of the municipality or the sewer digtrict and the areato
be sewered shall be shown.

12.2.1.2 Sawers

The plan shdl show the location and size of al existing and proposed sanitary sewers draining to

the treatment works concerned.

An adequacy of treatment review and form from the MPCB or EPD is necessary for any new

or increased flows to atreatment facility.

12.2.2 Detail Plans

Detall plans shal be submitted. Profiles should have a horizontal scale of not more than 100

feat to theinch and avertica scae of not more than 10 feet to the inch. Plan views should be
drawn to a corresponding horizontal scale and preferably be shown on the same sheet. Plans
and profiles shdl show:

a

b.

SRFLF40

Location of streets and sewers.

Line of ground surface size, materia and specified type(s) of pipe; length between
manholes; invert and surface devation a each manhole; and grade of sewer between
each two adjacent manholes. (All manholes shall be numbered or otherwise identified.)

Where there is any question of the sewer being sufficiently deep to serve any user, the
engineer shall state that dl sewers are sufficiently deep to serve adjacent users without
back - ups of wastewater into the residence or business and without problems related to
insufficient gravity flow from the residences’businesses.

Locations of dl specid features such as inverted sphons, concrete encasements,
elevated sewers, etc.

All known exigting structures and utilities, both above and below ground, which might
interfere with the proposed congtruction, particularly water mains, gas mains, orm
drains, and telephone, TV and power conduits.

Specid detail drawings, made to scaeto clearly show the nature of the design, shdl be
furnished to show the fallowing particulars:

14 February 1, 1999



All stream crossings with evations of the streem bed and of normd and extreme high
and low weter levels.

Typica and specid sewer joints, connections, etc.

Details of al sewer appurtenances such as manholes, lampholes, inspection chambers,
inverted siphons, regulators, tide gates and elevated sewers.

12.3 Plansof Pumping Stations
12.3.1 Location Plan

A plan shal be submitted for projects involving congtruction or revision of pumping stations.
This plan shall show the following:

a Any municipa, digtrict, association, etc., boundaries within the tributary area.
b. Thelocation of the pumping station and force main, and pertinent devations.
12.3.2 Detail Plans
Detall plans shal be submitted showing the following, where applicable;
a Topography of the site.
b. Exiging pumping Station.
C Proposed pumping station, including provisions for future pumps or gectors.
d. Test borings, wdls, and groundwater elevetions, where gpplicable.
e 100-year flood devation.
124 Plansof Treatment Plants
12.4.1 Location Plan
A plan shdl be submitted showing the treetment plant in relation to the remainder of the system.

Sufficient topographic feetures shal be included to indicate its location with relation to ditches,
streams, rivers, and water surfaces and the point of discharge of treatment effluent.
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12.4.2 General Layout

Layouts of the proposed trestment plant shall be submitted, showing:
a Topography of the Ste.

b. Sizeand location of plant ructures.

C Schematic flow diagram(s) showing the flow through various plant units, and showing
utility systems serving the plant processes.

d. Fiping, including any arrangements for bypassing individua units. (Materids handled
and direction of flow through pipes shdl be shown.)

e Hydraulic profiles showing the flow of water, sewage, supernatant liquor, and dudge.
f. Test borings, wdlls, and groundwater €evations, where gpplicable.

125 Detail Plans

Detail plans shdl show the fallowing:

a Location, dimensions, and eevations of dl exigting and proposed plant facilities.

b. Elevations of high and low water leve of the body of water to which the plant effluent is
to be discharged.

C Type, Sze, pertinent feetures, and operating capecity of dl pumps, blowers, motors,
and other mechanica devices.

d. Maximum hydraulic flow in profile

e Adequate description of any features not otherwise covered by specifications or
engineer's report.

13.  SPECIFICATIONS

Complete technicd specifications for the congtruction of sewers, water lines, tanks, wells,
pumping stations, treetment plants, and al other appurtenances, shall accompany the plans.

The specifications shdl be Sgned, seded, and dated by the Mississippi Registered Professiond
Engineer regponsible for their development in a manner consistent with the requirements of the
State Board of Regigtration for Professiona Engineers and Land Surveyors, as they gpply
generdly tothe practice of engineering. Nothing hereinisto be construed as alowing any such
work to be performed other than by or under the direct supervision of aMississippi Registered
Professiond Engineer.
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15.

16.
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The specifications accompanying congtruction drawings shdl include, but not be limited to, dl
congruction information not shown on the drawings which is necessary to inform the builder in
detail of the design requirements for the qudity of materids, workmanship and fabrication of the
project. They shall dsoinclude: thetype, size, strength, operating characteristics, and rating of
equipment; dlowable infiltration; the complete requirements for dl mechanica and dectrica
equipment, incdluding meachinery, vaves, piping, and jointing of pipe; eectrical apparatus, wiring,
instrumentation, and meters; laboratory fixtures and equipment; operating tools, congtruction
materids, gpecid filter materias, such as sone, sand, gravel, or dag; miscellaneous
gppurtenances; chemicas when used; ingructions for testing materials and equipment as
necessary to meet design standards; and performance tests for the completed works and
component units. It is suggested that these performance tests be conducted at design load
conditions wherever practical.

REVISIONS TO APPROVED PLANS

Any revisons, changes, addenda, etc. to reviewed and/or approved plans or specifications shall
be made in accordance with this Guidance, the Commission's "Wastewater Regulations,”
"CWSRF Regulations™" applicable Regulations of the Mississippi State Department of Hedlth,
and "DWSIRLF Regulations," as applicable, in accordance with Section 10.2. Such revisions
shall be submitted to the Department for review and approval. If such is by change order, see
the Department's guidance ard checklist for change order review, in addition to this document.
Record drawings clearly showing such dterations shdl be submitted to the Department a the
completion of the work.

OPERATION DURING CONSTRUCTION

Specifications shall contain requirements for kegping exigting wastewater or drinking water
facilities in operation during congtruction of the project. Should it be necessary to take existing
fecilities out of operation, a plan which will avoid or minimize pollution effects on any recaving
stream and provide for aternative service for wastewater or drinking water facilities shall be
reviewed and approved in advance by the Department and shall be adhered to during
congruction.

ENVIRONMENTAL INFORMATION
16.1 Discharge Point

a Do the discharge point and design flow shown on the plans match the point and flow
used to determine the WLA? ( )Yes ( )No ( )NA

*h. Do the discharge point and design flow on the plans match the point and flow in the
fadlitiesplan? ( )Yes ( )No ( )NA
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16.2 Flood Information

a Minimum Design 100-yr. Flood
Unit Elev., ft. Elev., ft.
Trestment Plant
Ruimp
Station(s)

b. Aredl units operationd and not subject to inundation during a 100-yr. flood?
( )Yes ( )No

*C. Will the project affect a designated flood plain?
()Yes ( )No

If sowill E.O. 11988/12148 be followed (mitigation of effect of the project on the
Floodplain, FEMA comments)?

( )Yes ( )No
16.3 Other

a What provisions have been made to prevent sewage bypassing during construction?
*See SGC Attachment 1 ().
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b. If awastewater project is not being funded with a CWSRF loan, has the municipa
information sheet been submitted?

( )Yes ( )No ( )NA
C Have sites been permitted for sormwater runoff where required?
()Yes ()No ()NA
Sitesrequiring permitsare:
@ Wastewater trestment facilities designed to treat 1.0 MGD or more, or;
2 Congtruction activities where five (5) acres or more of land are disturbed,
For either:
@ Incorporated municipalities with atotal population of 100,000 or more;
2 Countieswith unincorporated areas of 100,000 or more total population, or;

(3 The state or federal government.
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CHAPTER 20
DESIGN OF CONVENTIONAL GRAVITY SEWERS

DESIGN CAPACITY

In generd, sewer capacities should be designed for the estimated ultimate tributary

population, or for the design population identified in the facilities plan, except in considering
parts of the systems that can be readily increased in capacity. Similarly, consideration should be
given to the maximum anticipated capacity of inditutions, industrid parks, etc.

Combined wastewater and stormwater sewers shall not be approved.

In determining the required capacities of sanitary sewers the following factors should be
congdered:

a Maximum hourly domestic sewage flow;

b. Additiona maximum saewage or waste flow from industrid plants;
C Inflow and groundwater infiltration;

d. Topography of area;

e Location of sewage trestment plant;

f. Depth of excavation; and

o] Pumping requirements.

DESIGN FLOW
221 Per Capita Flow

New sewer systems shdl be designed on the basis of an average daily per capita flow of
sawage of 70 to 120 gdlons per day. Thisrangeisassumed to consist of 70 gpd of domestic
sewage plus 0 to 50 gpd of infiltration. The amount of infiltration will depend on the type, size,
and length of the sewer system. Different figures for domestic sewage and infiltration may be
used if supported by water use records and flow data. Commercid and indugtrid flows shdl be
included as necessary.

222 Peak Design Flow

Sanitary sewers shal be designed on a peak design flow basis using one of the following
methods. Use of other vaues for pesk design flow will be considered if judtified on the basis of
adequate documentation.

20 February 1, 1999



23.
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a Theratio of peek to average daily flow as determined from the following
formua Q,/Q,=18+P where P = the population in thousands, or;
4+ P
b. Vdues established from an infiltration/inflow study acceptable to the Department.

DETAILSOF DESIGN AND CONSTRUCTION
231 Minimum Sze
No gravity sewer conveying raw sewage shal be lessthan 8 inches (20 cm) in diameter. House
laterds (servicelines) shdl be no lessthan 4 inchesin diameter. Exceptionsaregivenin
Chapter 20A.
232 Depth
In generd, sewer shal be sufficiently deep to be protected from surface loading and to receive
sawage from basements and to prevent freezing. The minimum depth shall be 3 feet. Shalower
depths may be dlowed if structurd design or other conditions warrant.
233 Sope

2331
All sawers shdl be designed and congtructed to give mean veocities, when flowing full, of not
less than 2.0 feet per second (0.61 nv/s), based on Manning's formulausing an "n" vaue of
0.013. The following are the minimum dopes which should be provided; however, dopes

greater than these are desirable:

Minimum Sopein Feet

Sewer Size (diameter) Per 100 Feet (m/100 m)(%)
8inch (20 cm) 0.34

9inch (23 cm) 0.29

10inch (25 cm) 0.25
12 inch (30 cm) 0.20
14 inch (36 cm) 0.16
15inch (38 cm) 0.15
16inch (41 cm) 0.14
18inch (46 cm) 0.12
21 inch (53 cm) 0.10
24 inch (61 cm) 0.08
27 inch (69 cm) 0.066
30inch (76 cm) 0.058
36inch (91 cm) 0.045
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23.3.2
Sopes dightly less than those required for the 2.0 fps (0.61 nv's) velocity, when flowing full,
may be permitted. Such decreased dopeswill only be considered where the depth of flow will
be at least 0.3 of the pipe diameter for design average flow. Whenever such decreased dopes
are Hected, the design engineer must furnish with his report his computations of the anticipated
flow velocities of average and daily or weekly pesk flow rates. The pipe diameter and dope
shdl be sdlected to obtain the greatest practica velocities to minimize settling problems. The
operating authority of the sewer system will give written assurance to the Department that any
additiona sawer maintenance required by reduced dopeswill be provided.
A decreased dope will dso be considered when the sawer is being laid between existing
manholes and the depth cannot be changed due to the depth of the collection system
downgtream.

23.3.3
Sewers shdl belaid with uniform dope between manholes.

23.34

Where velocities greater than 15 fps (4.6 m/s) are attained, specid provision shdl be made to
protect against displacement by erosion and shock.

23.35

Sewers on 20 percent dopes or greater shal be anchored securely with concrete anchors or
equal, spaced asfollows:

a Not over 36 feet (11 m) center to center on grades 20% and up to 35%;

b. Not over 24 feet (7.3 m) center to center on grades 35% and up to 50%; and
C Not over 16 feet (4.9 m) center on grades 50% and over.

234  Alignment

Sewers 24 inches (61 cm) or smaler shdl be laid with Straight dignment between manholes.
The dignment shal be checked by either using alaser beam or lamping.
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Curvilinear dignment of sewerslarger than 24 inches may be considered on a case by case
basis provided that compression joints are specified and ASTM or the specific pipe
manufacturer's maximum alowable joint deflection limits are not exceeded. When curvilinear
sawers are proposed, minimum sopes indicated in paragraph 23.3.1 must be increased
(including manholes) accordingly to provide arecommended minimum velocity of 2.0 fpswhen
flowing full.

235 Changesin Pipe Size

When asmdler sewer joinsalarge one, theinvert of the larger sewer should be lowered
aufficiently to maintain the same energy gradient. An approximate method for securing these
resultsis to place the 0.8 depth point of both sewers a the same elevation.

Sewer extensions should be designed for projected flows even when the diameter of the
recelving sewer islessthan the diameter of the proposed extension. The Department may
require a schedule for future downstream sewer relief.

23.6 Materials

Any generaly accepted materia for sewers will be given consideration, but the materid selected
should be adapted to loca conditions, such as. character of indudtrial wastes, possibility of
septicity, soil characterigtics, exceptiondly heavy externd loadings, aorasion, corrosion and
samilar problems. For new pipe meterials for which ASTM or other generaly acceptable
industry standards have not been established, the design engineer shal provide complete pipe
and ingallation specifications developed on the basis of criteria adequately documented and
certified in writing by the pipe manufacturer to be satisfactory for the specific detailed plans.

All sawers shall be designed to prevent damage from superimposed live and dead loads.
Proper alowance for loads on the sewer shall be made because of soil and potentid
groundwater conditions, as well as the width and depth of trench. Where necessary to
withstand extraordinary superimposed loading, specia bedding, concrete cradle or specia
construction may be used. See ASTM D2321 or C12 when appropriate.

23.7 Installation

23.7.1 Standards
Ingtallation specifications shall contain appropriate requirements based on the criteria, Sandards
and requirements established by indugtry in itstechnica publications. Requirements shdl be set
forth in the spedifi cations for the pipe and methods of bedding and backfilling thereof so as not

to damage the pipe or itsjoints, impede cleaning operations and future tapping, nor creste
excessve sidefill pressures or ovaation of the pipe, nor serioudy impair flow capacity.
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23.7.2 Trenching

Thewidth of the trench shal be ample to dlow the pipe to be laid and jointed properly
and to dlow the bedding, haunching, and backfill to be placed and compacted as
needed. The trench sides shall be kept as nearly verticd aspossible. When wider
trenches are dug, appropriate bedding class and pipe strength shal be used.

Ledge rock, boulders, and large stones shdl be removed to provide a minimum
clearance of 4 inches (10 cm) below and on each side of al pipe(s).

23.7.3 Bedding

Bedding equd to Classes A, B, or C, or crushed stone as described in ASTM C12
shall be used for al rigid pipe provided the proper strength pipe is used with the
specified bedding to support the anticipated load.

Materid equa to Classes|, 11, or 111, as described in ASTM D2321 shall be used for
al flexible pipe bedding, haunching and initia backfill provided the proper strength pipe
is used with the specified bedding to support the anticipated load.

All water entering the excavation or other parts of the work shall be removed until al

thework has been completed. No sanitary sewer shal be used for the disposal of such
water.

23.7.4 Backfill

Backfill shal be of a suitable materia removed from excavation except where other
suitable materid is gpecified. Debris, frozen materid, large clods or stone, organic
matter, or other unstable materials shal not be used for backfill within 2 feet (0.61 m) of
the top of the pipe.

Backfill shal be placed in such amanner as not to disturb the dignment of the pipe.
23.7.5 Deflection Test

Deflection tests shdl be performed on dl flexible pipe. Thetest shal be conducted after
the fina backfill has beenin place a least 30 days.

No pipe shall exceed a deflection of 5%.

If the deflection test isto be run using arigid bal or mandrd, it shdl have a diameter
equd to 95% of the indde diameter of the pipe. The test shdl be performed without
mechanicd pulling devices.

Jointsand Infiltration
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23.8.1 Joints

Theingdlation of joints and the materials used shdl be included in the specifications. Sewer
joints shdl be designed to minimize infiltration and the entrance of roots throughout the life of the
system.

23.8.2 Leakage Tests

Leskage tests shall be specified. These may include appropriate water or low pressure air
testing. The leakage outward or inward (exfiltration or infiltration) shall not exceed 200 gdlons
per inch of pipe diameter per mile per day (0.19 m3/cm of pipe dia/knmvday) for any section of
the system between consecutive manholes. An exfiltration or infiltration test shdl be performed
with aminimum positive head of 2 feet (0.61 m). Theair test, if used, shdl, asaminimum,
conform to the test procedure described in an appropriate ASTM or equivaent tandard. The
testing methods selected should also take into consideration the range in groundwater elevations
projected (if more than the minimum positive head of two feet), and the Stuation during the test.

MANHOLES
241 Location

Manholes shdl be inddled: a the end of each ling at dl changesin grade, sze, or dignment; at
al intersections; and at distances not greater than 400 feet (120 m) for sewer 15 inches (38 cm)
and smaller, and 500 feet (150 m) for sewer 18 inches (46 cm) to 30 inches (76 cm), except
that distances up to 600 feet (180 m) may be gpproved in cases where adequate modern
cleaning equipment for such spacing is provided. Grester spacing may be permitted in larger
sawers. Cleanouts may be used only for specid conditions and shdl not be substituted for
manholes nor ingtalled &t the end of the laterdl's greater than 150 feet (46 m) in length.

242 Drop Type

A drop pipe should be provided for a sewer entering a manhole at elevations of 24 inches (61
cm) or more above the manholeinvert. Where the difference in elevation between the incoming
sawer and the manhole invert is less than 24 inches (61 cm), the invert should befilleted to
prevent solids deposition.

Drop manholes should be congtructed with an outside drop connection. Inside drop
connections (when necessary) shal be secured to the interior wall of the manhole and provide

accessfor cleaning.

The entire outside drop connection shall be encased in concrete, or other reasonable
stabilization methods such as ductile iron pipe and granular backfill shal be used.

243 Diameter
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The minimum diameter of manholes shdl be 48 inches (1.22 m); larger diameters are preferable
for large diameter sawers. 40 inch diameter is acceptable for rehabilitated manholes. A
minimum access diameter of 22 inches (56 cm) shdl be provided.

24.4  Flow Channd

Theflow channd through manholes should be made to conform in shape and dope to that of the
sewers.

245 Watertightness

Manholes shdl be of the pre-cast concrete or poured-in-place concrete type and shdl be
waterproofed. Plagtic, fiberglass, or similar manholes are also acceptable, if properly ingtalled.
Brick, masonry, or other smilar types shdl not be used.

Inlet and outlet pipes shal be joined to the manholes with a gasketed flexible watertight
connection or any watertight connection arrangement that alows differentid settlement of the
pipe and manhole wall to take place.

Watertight manhole covers shall be used wherever the manhole tops may be flooded by street
runoff or high water up to the 100 year flood evation. Watertight covers may aso be
necessary in catain cases where sudden surcharging occurs and where such use would not
cause an overflow esawhere. Locked manhole covers may be desirable in isolated easement
locations or where vandalism may be a problem.

The specifications shdl include a requirement for inspection of manholes for watertightness prior
to placing into service.

246 Electrical
Electrical equipment ingtalled or used in manholes shal conform to paragraph 32.3.5.
INVERTED SIPHONS

Inverted s phons should have not fewer than 2 barrels, with a minimum pipe diameter of 6
inches (15 cm) and shadl be provided with necessary appurtenances for convenient flushing and
maintenance. Theinlet and discharge structures shal have adequate clearances for rodding; and
in generd, sufficient head shal be provided and pipe sizes sdected to secure velocities of at
least 3.0 fps (0.92 mVs) for average flows. Theinlet and outlet details shdl be so arranged that
the normal flow is diverted to 1 barrel, and that either barrel may be taken out of service for
ceaning. The vertica dignment should permit cleaning and maintenance.
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SEWERSIN RELATION TO STREAMS
26.1 Location of Sewerson Streams

26.1.1 Cover Depth
Thetop of al sewers entering or crossing streams shdl be at a sufficient depth below the natura
bottom of the stream bed to protect the sawer line. In genera the following cover requirements
mugt be met:

a Onefoot (0.3 m) of cover is required where the sewer islocated in rock;

b. Threefeet (0.9 m) of cover isrequired in other materid. In mgjor streams, more than
three feet (0.9m) of cover may be required, and,

C In paved stream channdls, the top of the sawer line should be placed below the bottom
of the channd pavement.

Less cover will be approved only if the pipeis properly protected and the proposed sewer
crossng will not interfere with any anticipated future modifications to the stream channel.
Reasons for specifying less cover should be given.

26.1.2 Horizontal Location

Sawers located dong streams shall be located outside of the stream bed and sufficiently
removed therefrom (minimum 30 feet recommended) to provide for future possible stream
widening and to prevent pollution by siltation during construction. Department gpproved BMPs
shdl be used where needed.

26.1.3 Structures

The sawer outfals, headwals, manholes, gate boxes, or their structures shall be located so they
do not interfere with the free discharge of flood flows of the stream.

26.1.4 Alignment
Sewers crossing streams should be designed to cross the stream as nearly perpendicular to the
stream flow as possible. Sewer systems shdl be designed to minimize the number of stream
crossings.
26.2 Congruction

26.2.1 Materials

Sewers entering or crossing streams shal be congtructed of cast or ductile iron pipe with
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mechanicd joints, otherwise they shal be encased and congtructed so they will remain
watertight and free from changes in dignment under flood/high flow conditions. Materia used to
backfill the trench shall be stone, coarse aggregate, washed grave, or other materias which will
not cause sltation.

26.2.2 Siltation and Erosion

Congtruction methods that will minimize sltation and erasion in accordance with the
Depatment'sligt of gpproved BMPs shdl be employed. The design engineer shdl includein the
project pecifications the method(s) to be employed in the congtruction of sewersin or near
streams to provide adequate control of siltation and erosion. Specifications shdl require that
cleanup, grading, seeding, and planting or restoration of al work aress shal begin immediately.
Exposed areas shdl not remain unprotected. Excavated materia shal be properly stockpiled
(on the uphill side of the trench) so as to minimize environmenta impacts. All such work shall

be specified to meet the regulatory requirements.

AERIAL CROSSINGS

Support shdl be provided for dl jointsin pipes utilized for aerid crossings. The supports shdl
be designed to prevent frost heave, overturning and settlement.

Precautions againg freezing, such asinsulation and increased dope, shall be provided.
Expangon jointing shal be provided between above-ground and bel ow-ground sewers.

For aerid stream crossings, the impact of flood waters and debris shall be considered. The
bottom of the pipe should be placed no lower than the eevation of the 50 year flood, or no less
than 3 feet from the stream bottom.

PROTECTION OF WATER SUPPLIES (refer also to Recommended Standar dsfor
Water Works)

281 Water Supply Interconnections

There shdl be no physical connections between a public or private potable water supply system
and a sewer, or gppurtenances thereto which would permit the passage of any sewage or
polluted water into the potable supply. No water pipe shal pass through or comein contact
with any part of asewer or manhole.

28.2 Rdation to Water Works Structures

While no generd statement can be made to cover dl conditions, it is generally recognized that
sawers shal meet the requirements of the gppropriate water works reviewing agency with
respect to minimum distances from public water supply wells or other water supply sources and
structures.
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28.3 ReationtoWater Mains
Sections 28.3.1, 28.3.2, 28.3.3, and 37.9 herein shall beincluded in the specifications.

28.3.1 Horizontal Separation
Sewers shdl belaid at least 10 feet (3.0 m) horizontaly from any existing or proposed water
main. The distance shdl be measured edge to edge. In caseswhereit isnot practical to
maintain aten foot separation, the Department may dlow deviation on a case-by-casebass, if
supported by data from the design engineer. Such deviation may alow ingtalation of the sewer
closer to awater main, provided that the water main isin a separate trench or on an undisturbed
earth shelf located on one side of the sewer and at an eevation so the bottom of the water main
isat least 18 inches (46 cm) above the top of the sewer.

28.3.2 Crossings

Sewers crossing water mains shall be laid to provide a minimum vertica distance of 18 inches
(46 cm) between the outside of the water main and the outside of the sewer. The crossing shall
be arranged so that the sewer joints will be equidistant and asfar as possible from the water
main joints.

Where awater main crosses under a sewer, adequate structura support shall be provided for
the sewer to prevent damage to the water main. Where awater main crosses under a sewer,
dther the water main or the sewer shdl be ductileiron or shall be encased in ductile iron or
concrete for aminimum of one full joint length on each Side of the crossing, and the requirements
of Section 28.3.3 shall be met, regardless of the clearance distances.

28.3.3 Special Conditions
When it isimpossible to obtain proper horizontal and vertical separation as stipulated above, the

sewer shall be designed and constructed equal to water pipe, and shall be pressure tested at
150 p.si. to assure watertightness prior to backfilling.
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CHAPTER 20 A
DESIGN OF ALTERNATIVE SEWERS

DEFINITION

Alterndtive sawersinclude smal diameter gravity sewers (SDG), grinder pump pressure sewers
(GPIPS), septic tank effluent pump sewers (STEP), vacuum sewers, and combinations of the
above. Any small diameter sawers shdl be used only in conjunction with grinder pumps, septic
tanks, or other acceptable solids reduction devices.

REFERENCES

Alternative sawers may be designed in accordance with:

a Alternative Sewer Systems (1986) WEF Manua of Practice No. FD-12;

b. Smdl Diameter Gravity Sewers, an Alternative for Unsewered Communities
(1986)EPA/600/2-86/022;

C Alternative Wastewater Collection Systems (1991) EPA/625/1-91/024, or;

d. Other appropriate references.

DESIGN

23A.1

The reguirements of Section 28 and al subsections shdl apply to dterndtive sewers.
23A.2

New dternative sewer systems shal be designed on the basis of an average daily per capita
flow of sawage of 70 to 120 gpd, as described in Section 22.1.

The peeking factor for inflow islikdy to be smdler than that given in Section 22.2.a
23A.3

The requirements of Section 23.2 (Depth) shal apply.
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23A 4

Septic tanks shdl be used in SDG and STEP systems and shdl have a capecity of at least 1000
gdlons. If multiple customers are connected to asingle tank, alarger tank will be necessary.
Tanks shdl be completely buried and shdl utilize an effluent (scum) baffle; it is recommended
thet dl openings except the influent line be screened. A removable top or other access for
cleaning shall be provided. Tanks shall be concrete, plastic, fiberglass, or other acceptable
materia. Masonry, brick, bare sted, etc. shal not be used. Only new tanks are recommended;
exigting tanks should not be used for new SDG projects. If new tanks are not indtalled a each
service, dl of the existing tanks proposed to be reused shall be opened, cleaned, inspected,
baffled and renovated to ensure that they meet dl of the requirements of anew tank. Multiple
connectionsto asingle septic tank, STEP pump or grinder pump, etc. will be dlowed if the
sizing and design are acceptable considering the number of users and any other project specific
conecerns.

The tanks shall be owned ard maintained by the local sewer authority (city, town, district,
county, etc.), rather than the individua users.

23A5

Septic tank effluent is very corrosive. All concrete and meta surfaces (including pump stetions)
which will be exposed to septic tank effluent should be protected from corrosion.

23A.6

Variable grade sawers need not be laid on grade, but unnecessary undulations shal be avoided.
The use of negative gradesis prohibited. Sewers shall be designed based on approprieate
criteriafrom the WEF or other acceptable source. Air and vacuum release devices should be
provided & high points as needed to prevent air locking. The hydraulic grade line for each

variable grade sewer shdl be calculated and plotted on the profile view of the plans.

23A.7

SDG sawers shdl be @ leest 3 inchesin diameter; a4 inch minimum is recommended.

23A.8

SDG sawers shdl have deanouts a the end of each line and a reasonable distances within the
line. The deanout openings shal not be buried.

23A.9

GP/PS and STEP systems shall have redundant backflow prevention devicesto preclude the
possihility of wastewater from the system entering a building.
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23A.10

The requirements of Chapter 30 and dl subsections shdl apply to GP/PS and STEP systems;
however, Section 37.1 does not gpply to STEP systems.

23A.11

If aGP/PS or STEP system will have any closed loops, the design flow and direction of flow in
each part of theloop shall be given (either in the PIS or in a separate | etter).

SRFLF40 33 February 1, 1999



CHAPTER 20B
SEWER REHABILITATION

Seawer rehabilitation should be done in accordance with Exigting Sewer Evduaion and
Rehabilitation (1983; Water Environment Federation Manual of Practice No. FD-6), Sewer
Sysem Infragtructure Analysis and Rehabilitation (1991; EPA/625/6-91/030), or other
gppropriate references.

* All cos-effective repairs that are identified in the SSES shdl be showninthe P/S.
* If there are any repairsin the PIS that are not cost-effective, they shal beidentified asindigible.
* The types of repairs shown in the PIS shdl match those listed in the SSES.

All known bypasses and overflows within the design return storm event shal beincluded in the
PIS for dimination.

* Such repairs, if they are the cost effective solution and identified in the approved facilities plan,
aredlowable.
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CHAPTER 30
SEWAGE PUMPING STATIONS

GENERAL

311 Fooding

Sewage pumping structures and electrica and mechanica equipment shall be protected from
physica damage by the 100 year flood. Sewage pumping stations shal remain operationa and
accessible and shall not be inundated by the 100 year flood.

312 Accessihility

The pumping station shall be readily accessible by maintenance vehicles during al weether
conditions.

The pumping station shal be inaccessible to the genera public (by alocked fence or enclosure,
by being built underground, etc.).

313 Grit
Whereit is necessary to pump sewage prior to grit remova, the design of the wet well and
pump gation piping shall receive specid consderation such as grit remova facilitiesto avoid
operationd problems from the accumulation of grit.
DESIGN
321 Type
Sewage pumping stations may be wet/dry well, suction lift, or submersible. Screw typelift
gations may dso be dlowed. All equipment shal be designed specifically for the handling of
raw or pretreated sewage, as appropriate.
322 Structures
32.2.1 Separation
Dry wels, including their superstructure, shal be completely separated from the wet well.
32.2.2 Equipment Removal

Provison shdl be made to facilitate remova of pumps, motors, and other mechanica and
electrica equipment.
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32.2.3 Access
Suitable and safe means of access for persons weearing saif - contained bresthing spparatus shall
be provided to dry wells, and to wet wells containing either bar screens or mechanica

equipment requiring ingpection or maintenance.

For built-in-place pump station dry wells, a stairway with rest landings shall be provided a
vertica intervas not to exceed 12 feet (3.7 m). For factory-built pump station dry wells over

15 feet (4.6 m) deep, arigidly fixed landing shdl be provided at verticd intervas not to exceed
10feet (3.0 m). Wherealanding is used, a suitable and rigidly fixed barrier shall be provided to
prevent an individua from falling past the intermediate landing to alower level. Where
acceptable to the Department, an devator may be used in lieu of landings in afactory-built
station, provided emergency accessisincluded in the design.

Reference should be made to applicable safety codes which, if they are more stringent than
provided herein or in the specifications, shal govern.

The provisons of Section 46.5 also apply.
32.2.4 Construction Materials

Due consideration shdl be given to the selection of materids because of the presence of
hydrogen sulfide and other corrosive gases, greases, oils, and other condtituents frequently
present in sawage.

32.3 Pumpsand Pneumatic Ejectors
32.3.1 Multiple Units

Multiple pumps or pneumatic gectors shall be provided. A minimum of three (3) pumps should
be provided for stations handling flows greater than 1 MGD (3800 m %d).

Units should be designed to fit actual flow conditions and shdl be of such capacity thet with any
one unit out of service the remaining units will have capacity to handle maximum anticipated
sawage flows.

32.3.2 Protection Againgt Clogging

All units 9l be designed specificdly for the handling of the types of sewage they will be
subjected to.

Pumps handling sanitary sewage from 30 inch (76 cm) or larger diameter sewers shdl be
preceded by readily ble bar racks to protect the pumps from clogging or damage. Bar
racks should have clear openings not exceeding 22 inches (6.4 cm). Whereabar rack is
provided, amechanica hoist shal dso be provided. Where the size of the ingtalation warrants,
mechanicaly cleaned and/or duplicate bar racks shall be provided.

SRFLF40 36 February 1, 1999



SRFLF40

Appropriate protection from clogging should aso be consdered for smal pumping stations.
32.3.3 Pump Openings

Except where grinder pumps or septic tank effluent pumps are used, pumps shdl be capable of
passing spheres of at least 3 inches (7.6 cm) in diameter, and pump suction and discharge piping
shall be at least 4 inches (10.2 cm) in diameter. See Section 37.2 for the size of force mains.

32.3.4 Priming

The pump shall be so placed that under normal operating conditions it will operate under a net
positive suction head, except as pecified in Sections 33 and 34.

32.3.5 Electrical EQuipment

Electrica systems and components (e.g., motors, lights, cables, conduits, switchboxes, control
circuits, etc.) in raw sewage wet wells, or in enclosed or partially enclosed spaces where
hazardous concentrations of flammable gases or vapors may be present, shall be designed for
safe use under such conditions to the extent practicable. In addition, equipment located in the
wet well shall be suitable for use under corrosive conditions. Each cable shal be provided with
watertight sedl (and separate strain relief for flexible cables). A fused disconnect switch located
above ground shal be provided for dl pumping stations. When such equipment is exposed to
wegther, it shall meet the requirements of weatherproof equipment (NEMA 3R or 4). Lightning
arresters and phase protection (for 3- phase motors) shal be provided. GFCI protection shall
be provided for dl outlets.

For each location requiring electrical power, the consulting engineer shall provide awritten
description of the type of power needed (voltage, amperage, phase, etc.) and shdl give his
written assurance (either in the P/S or in a separate letter) that the proper power will be
available and when it will be available at each site. Phase protection and phase losswarning
shall be provided for 3-phase power. Phase protection shall prevent autometic equipment
restarting attempts upon power restoration until dl three phases are restored.

32.3.6 Intake

Each pump should have an individua intake. Wet well design should be such asto avoid
turbulence near the intake. Intake piping should be as straight and short as possible.

32.3.7 Dry Well Dewatering

A sump pump equipped with duad check vaves shal be provided in the dry wells to remove
leakage or drainage, with the discharge located above the maximum high weter leve in the wet
well. A connection to the pump suction is dso reconmended as an auxiliary feature. Water
gectors connected to a potable water supply shal not be provided. All floor and walkway
surfaces should have an adequate dope to a point of drainage. Pump seal water shall be piped
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to the sump. Shalow vave pits, etc. may be gravity drained to the wet well asadlowed in
Section 34.4.

32.3.8 Pumping Rates
The pumps and controls of main pumping stetions, and especialy pumping station to the
treatment works or operated as part of the treatment works, should be capable of discharging
sawage a gpproximatdly itsrate of delivery to the pump station. Wet well Szes, influent flow
rates, and pumping capacity shdl dl be balanced to ensure sufficient capacity without excessive
pump run time or detention time in the wet well. See Section 32.6.2. Hydraulic surges
detrimental to the proper operation of downstream facilities shdl be avoided.

Design pumping rates should be established in accordance with Section 23 or Section 43.3.1,
as appropriate. A minimum force main velocity of 2 fps shal be maintained.

324 Controls

32.4.1 Type
Control systems shall be of the transducer, air bubbler, encapsulated float or flow measuring
type. Float-tube control systems or existing stations being upgraded may be approved. The
eectrica equipment shal comply with Section 32.3.5.

32.4.2 Location

The control system shal be located away from the turbulence of incoming flow and pump
suction.

32.4.3 Alternation
Provisons should be made to automaticaly dternate the pumpsin use.
Provisions shdl be made for smultaneous operation of multiple units when flow conditions
warrant. Generdly, when multiple pumps are operating and the weter level isfdling, the pumps
should not be sequenced off, but al on pumps should remain on until the lowest control leve is
reeched, then dl pumps should switch off together.
325 Valves

32.5.1 Suction Line

Suitable shutoff vaves shdl be placed on the suction line of each pump except on submersible
and vacuum-primed pumps.
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32.5.2 DischargelLine
Suitable shutoff and check valves shall be placed on the discharge line of each pump discharging
into a pressurized header. The check vave shal be located between the shutoff valve and the
punmp. Check vaves shdl be suitable for the materia being handled. Except for
pre-manufactured stations, check valves shdl not be placed on the vertica portion of discharge
piping. Vaves shdl be capable of withstanding norma pressure and water hammer.

All shutoff and check vaves shdl be operable from floor level and accessible for maintenance.
Externd levers should be provided on swing check valves.

32.5.3 Location
Vaves shal not be located in the wet well, except as provided in Section 34.4.
326 Wet Wdlls

32.6.1 Divided Wells

Congderation should be given to dividing the wet well into multiple sections, properly
interconnected, to facilitate repairs and cleaning.

32.6.2 Sze
The wet well Sze and control setting shall be appropriate and in accordance with the pump
manufacturer's recommendations to avoid hest buildup in pump motor due to frequent starting
and to avoid septic conditions due to excessive detention time. No more than ten (10) pump
starts per hour should be dlowed. For duplex ations, the design wet well volume in gdlons
may be calculated as 15 min. X influent (gpm) / 8. Also see Section 32.3.8.

32.6.3 Floor Slope
The wet wdl floor shdl have aminimum dope of one to one to the hopper bottom. The
horizontal area of the hopper bottom shall be not greater than necessary for proper ingtalation
and function of theinlet.
32.7 Ventilation
Adequate ventilation shal be provided for dl pump gations.

There shdl be no interconnection between the wet well and dry well ventilation systems.
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32.7.1 Ventilation in Pump Stations Less Than 350 gpm or Any Submersible
Type Not Requiring Entry.

At aminimum, passive screened vent pipes shal be provided. Mechanical ventilaion as
described below is recommended.

32.7.2 Ventilation in Pump Station of 350 gpm or Larger

Where the pump pit is below the ground surface, mechanica ventilation is required, so arranged
asto independently ventilate the dry well and the wet well if screens or mechanica equipment
requiring maintenance or inspection are located in the wet well. In pitsover 15 feet (4.6 m)
deep, multiple inlets and outlets are desirable. Damper should not be used on exhaust or fresh
air ducts and fine screens or other obstructions in air ducts should be avoided to prevent
clogging. Switches for operation of ventilation equipment should be marked and located
conveniently. All intermittently operated ventilating equipment shal be interconnected with the
respective pit lighting systems, which shdl override any automatic controls. Consideration
should be given aso to automatic controls where intermittent operation isused. The fan whed
should be fabricated from non-sparking material. Consideration should be given to ingdlaion
of automatic heating and/or dehumidification equipment.

32721 Wet Wells
Ventilation may be ether continuous or intermittent. Ventilation, if continuous, shall
provide at least 12 complete air changes per hour; if intermittert, at least 30 complete air
changes per hour. Air shal be forced into the wet well rather than exhausted from the wet well.
32722 Dry Wdls
Ventilation may be ether continuous or intermittent. Ventilation, if continuous, shal provide &
leest 6 complete air changes per hour; if intermittent, at least 30 complete air changes per hour.
Air should be forced in, rather than exhausted.

328 Flow Measurement

Suitable devices for measuring sewage flow and/or run time should be considered at dl pump
dations.

329 Water Supply

There shal be no physical connection between any potable water supply and a sewage pumping
gtation which under any conditions might cause contamination of the potable water supply. If a
potable water supply is brought to the station, it should comply with conditions stipulated under
Section 46.2.

SUCTION LIFT PUMPS
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Suction lift pumps shdl be of the sdlf - priming or vacuum: priming type and shdl meet the
gpplicable requirements of Section 32. Suction lift pump gtations using dynamic suction lifts
exceeding the limits outlined in the following sections may be gpproved upon submission of
factory certification of pump performance and detailed cdculations indicating satisfactory
performance under the proposed operating conditions. Such detailed caculaions must include
datic suction lift as measured from "lead pump off* eevation to center line of pump, friction and
other hydraulic losses of the suction piping, vapor pressure of the liquid, dtitude correction,
required net positive suction head, and a safety factor of at least 6 feet (1.8 m).

The pump equipment compartment shall be above grade or offset and shall be effectively
isolated from the wet well to prevent the humid and corrosive sewer atmosphere from entering
the equipment compartment. Wet well access shal not be through the equipment compartment.
The combined tota of dynamic suction lift a the "pump off" elevation and required net positive
suction head a design operating conditions shal not exceed 22 feet (6.7 m).

Suction lift pumps shall be equipped with an air rlease vave in the discharge piping. Drainage
from the air release valve shdl be piped back to the wet well at devation higher than the
maximum wet well water level.

331 Self-Priming Pumps

Sdf-priming pumps shdl be capable of rgpid priming and repriming at the "lead pump on”
eevation. Such sdf-priming and repriming shdl be accomplished automaticaly under design
operaing conditions. Suction piping should not exceed the Sze of the pump suction and shall
not exceed 25 feet (7.6 m) in tota length. Priming lift a the "lead pump on" devation shall
include a ssfety factor of at least 4 feet (1.2 m) from the maximum alowable priming lift for the
peific equipment at design operating conditions.

33.2  Vacuum-Priming Pumps

Vacuum-priming pump stetions shal be equipped with multiple vacuum pumps capable of
automaticaly and completely removing air from the suction lift pump. The vacuum pumpsshdll
be adequatdly protected from damage due to sewage.

34. SUBMERSIBLE PUMP STATIONS

Submersible pump gtations shall meet the applicable requirements under Section 32, except as
modified in this section.

341 Congruction

Submersible pumps and motors shdl be designed specificaly for raw sewage use, including
totally submerged operation during a portion of each pumping cycle and shdl meet the
requirements of the Nationa Electrical Code for such units. An effective method to detect shaft
sedl failure or potentia sedl failure shal be provided, and the motor shdl be of squirrel-cage
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type design without brushes or other arc- producing mechanisms.
34.2 Pump Removal

Submersible pumps shdl be readily removable and replaceable without entering, dewatering, or
manudly disconnecting any piping in the wet well.

34.3 Electrical
34.3.1 Power Supply and Contral

Electrica supply, control and darm circuits shal be designed to provide strain relief and to dlow
disconnection from outside the wet well. Terminals and connectors shall be protected from
corrosion by location outside the wet wdll or by the use of watertight seals. If located outside,
weetherproof equipment shal be used.

34.3.2 Controls

The motor control center shall be located outside the wet well, be readily accessible, and be
protected by aconduit seal or other appropriate measures meeting the requirements of the
Nationa Electricad Code to prevent the atmaosphere of the wet wel from gaining access to the
control center. The sedl shal be so located that the motor may be removed and dectricaly
disconnected without disturbing the sedl.

34.3.3 Power Cord

Pump motor power cords shal be designed for flexibility and servicegbility under conditions of
extra hard usage and shal meet the requirements of the National Electrica Code standards for
flexible cords in wastewater pump stations. Ground fault circuit interruption protection shdl be
used to de-energize the circuit in the event of any falure in the dectrica integrity of the cable.
Power cord termind fittings shall be corrosion-resistant and constructed in amanner to prevent
the entry of moisture into the cable, shall be provided with strain rdlief appurtenances, and shall
be designed to facilitate field connecting.

344 Valves

Valves required under Section 32.5 shdl be located in a separate valve pit. Accumulated

water shal be drained to the wet well or to the soil. Sewage legking into the valve pit shal not
be drained to the soil. If the vave pit is drained to the wet well, an effective method shall be
provided to prevent sewage from entering the pit during surcharged wet well conditions. Check
vavesthat areintegra to the pump may be located in the wet well provided that the valve can
be removed in accordance with Section 34.2.
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ALARM SYSTEMS

Alarm systems SHALL be provided for all pumping stations. The alarm shall be
activated in cases of POWER FAILURE, high water elevation, pump failure, phase
loss, or any cause of pump station malfunction Alarmsfor mgjor pumping stations should
be telemetered, including identification of the darm conditions, to amunicipd facility thet is
manned 24 hoursaday. If such afacility isnot available and 24-hour tolding capacity is not
provided, the darm should be telemetered to city offices during normal working hours and to
the home of the person(s) in responsible charge of the lift station during off-duty hours.

EMERGENCY OPERATION

Pumping stations and collection systems shall be designed to prevent or minimize bypassing of
raw, diluted, or partialy treated sewage. For use during possible periods of extensive power
outages, mandatory power reductions, or uncontrolled storm events, consideration should be
given to providing storage/detention tanks or basins, which shall be made to drain to the station
wet well. Where such overflows affect public water supplies, shelfish production, or water
used for culinary or food processing purposes, a storage/detention basin or tank shall be
provided having 24-hour detention capacity at the anticipated overflow rate.

36.1 Overflow Prevention Methods

A satisfactory method shdl be provided to prevent or minimize overflowsin the event of

pumping station failure. The following methods should be evaluated on an individual basis (the

choice should be based on least cost and least operational problems of the methods providing
an acceptable degree of reliability):

a Storage capacity, including trunk sewers, for retention of 24-hour design return wet
westher flows (storage basins must be designed to drain back into the wet well or
collection system &fter the flow recedes);

b. Other methods meeting the requirements of Section 46.1.1

36.2 Equipment Requirements
36.2.1 General

Thefollowing genera requirements shal apply to dl internal combustion engines used to drive
auxiliary pumps, service pumps through specid drives, or eectrica generating eguipment.
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36211 Engine Protection

The engine must be protected from operating conditions that would result in damage to
equipment.  Unless continuous manud supervision is provided, protective equipment shdl be
cgpable of shutting down the engine and activating an darm on site and as provided in Section
35. Protective equipment shal monitor for conditions of low oil pressure and overheeting,
except that oil pressure monitoring is not required for engines with splash lubrication. Oil level
monitoring for such enginesis recommended.

36.2.1.2 Size

The engine shall have adequate rated power to start and continuoudy operate under all
connected |oads.

36.2.1.3 Fuel

Reliability and ease of starting, especialy during cold weether conditions, should be considered
in the sdlection of the type of fud.

Above ground liquid fud tanks exceeding 660 gallon single tank capacity or 1320 gdlon totd
capacity require a Spill Prevention Control and Countermeasure (SPCC) Plan and containment
in accordance with 40 CFR 112. It isrecommended that dl above ground liquid fud tanks
have spill containment devices with a minimum capecity equd to the largest tank's volume plus
an dlowance for precipitation.

Underground fuel tanks reguire compliance with state and federd regulations contained in 40
CFR 280.

36.2.14 Engine Ventilation

The engine shdl be located above grade with adequate ventilation of fud vapors and exhaust
gases.

36.2.15 Routine Start-up

All emergency equipment shal be provided with ingtructions indicating the need for regular
garting and running of such units & full loads.

36.2.1.6 Protection of Equipment

Emergency equipment shal be protected from damage at the restoration of regular

electrica power. In addition, emergency generating equipment shall be provided with ameans
of disconnecting such equipment from the regular incoming power source during emergency
operating conditionsin order to protect others who may bein contact with the failed power
sysem. In the case of automatic systems, such disconnect shal dso be autométic. In the case
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of manud systems, the load transfer switch or connection shdl be designed such thet it is
impossible to connect the auixiliary power source to the primary power source.

36.2.2 Engine-Driven Pumping Equipment

Where permanently-installed or portable engine-driven pumps are used, the following
requirements in addition to genera requirements shdl goply.

36.2.2.1 Pumping Capacity
Engine-driven pump(s) shall meet the design pumping requirements unless storage capacity is
available for flowsin excess of pump capacity. Pumps shal be designed for anticipated
operating conditions, indluding suction lift if gpplicable.

36.2.2.2 Operation

Unless continuous manua supervison is provided, the engine and pump shal be equipped to
provide automatic start- up and operation of pumping equipment. Provisions shall aso be made
for manud dart-up. Where manua start-up and operation is judtified, storage capacity must
mest the requirements of Section 36.2.2.3.

36.2.2.3 Portable Pumping Equipment

Where part or dl of the engine-driven pumping equipment is portable, sufficient storage capacity
to dlow time for detection of pump station failure and transportation and hookup of the portable
equipment shdl be provided. Thisislikdy to be 24 hours. A riser from the force main with
quick-connect coupling and gppropriate vaving shal be provided to hook up portable pumps.

36.2.3 Engine-Driven Generating Equipment

Where permanently-ingtalled or portable engine-driven generating equipment is used, the
following requirements in addition to generd requirements shal gpply.

36.2.3.1 Generating Capacity

Generating unit size shal be adequate to provide power for pump motor starting current and for
lighting, ventilation, and other auxiliary equipment necessary for safe and proper operation of the
lift station. The operation of only one pump during periods of auxiliary power supply must be
justified. Such judtification may be made on the basis of maximum anticipated flows releive to
sngle- pump capacity, anticipated length of power outage, and storage capacity. Specia
sequencing controls shdl be provided to start pump motors unless the generating equipment has
capacity to art al pumps smultaneoudy with auxiliary equipment operating.
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36.2.3.2 Operation
Unless continuous manud supervison is provided, provisions shal be made for automatic and
manua start-up and load transfer. The generator must be protected from operating conditions
that would result in damage to equipment. Provisions should be considered to alow the engine
to start and stabilize a operating speed before assuming the load. Where manud start-up and
transfer isjudtified, storage capacity must meet the requirements of Section 36.2.3.3.

36.2.3.3 Portable Generating Equipment
Where portable generating equipment or manud transfer is provided, sufficient storage capacity
to dlow time for detection of pump station failure and transportation and connection of
generating equipment shall be provided. The use of specia dectrical connections and double
throw switches are recommended for connecting portable generating equipment.
FORCE MAINS
37.1 Vdocity
At design average flow aveocity of at least 2 fps (0.61 m/s) shall be maintained.
372 Sze

Except where grinder pumps or septic tank effluent pumps are used, force mains shal be at
least 4 inchesin diameter. See Section 32.3.3 for pump sizes.

37.3 Depth
The requirements of Section 23.2 shal apply.
37.4  Air and Vacuum Rélief Valves

Automatic air relief valves shal be placed as needed (a high points) in the force main to prevent
ar locking. Vacuum rdief vaves may dso be necessary.

375 Termination

Force mains should enter the gravity sewer system at a point not more than 2 feet (60 cm)
above the flow line of the receiving manhole.

376 Design Pressure

Theforce main and fittings, including reaction blocking, shal be designed to withstand nommal
pressure and pressure surges (water hammer).
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37.7 Special Congruction

Force main congtruction near streams or used for aeria crossings shall meet gpplicable
requirements of Section 27 and 28.

37.8 Design Friction L osses
Friction losses through force mains shal be based on the Hazen and Williams formula or other
acceptable method. When the Hazen and Williams formulais used, the following vauesfor "C"
shall be used for design.

Smooth plagtic or smooth lined iron or stedl - 130 to 140

Unlined iron or sted - 100

All other - 120 (maximum)

When initidly ingaled, force mainswill have asgnificantly higher "C" factor. The higher "C*
factor should be considered only in calculating maximum power requirements.

379 Separationfrom Water Mains
The requirements of Section 28.3 shall be met for dl sewage force mains.
37.10 Identification

Where force mains are condiructed of material which might cause the force main to be confused
with potable water mains, the force main should be appropriately identified.

37.11 Leakage

Force main leskage tests shdl be specified, including the testing methods and leskage limits.

SRFLF40 47 February 1, 1999



CHAPTER 40
SEWAGE TREATMENT WORKS

41. PLANT LOCATION

Thefollowing items shdl be considered when sdecting a plant site:

a

b.

Proximity of resdentid arees;

Direction of prevailing winds;
Vehicular access by al weather roads;
Area available for expanson;

Loca zoning requirements;
Requirement for a 150 foot buffer zone

Loca soil characterigtics, geology, hydrology, and topography available to minimize
pumping;

Access to recaiving stream;

Classfication, vulnerability, and downstream uses of the receiving streams; and
Compatibility of trestment process withthe present and planned future land use,
including noise, potentid odors, air quality, and anticipated dudge processing and
disposal techniques;

Existence of nearby wetlands, flood plains, threstened or endangered species, scenic
rivers, or areas of archaeologica or culturd importance.

Where aste must be used which is critical with respect to these items, gppropriate measures
shdl be taken to minimize adverse impacts.

41.1 Flood Protection

The treatment works structures, electrical and mechanica equipment shal remain fully

operationd and ble and shdl be protected from physica damage by the 100 year flood
(excepting hurricane flood surges). This applies to new construction and to major modifications
a exiging fadlities.

SRFLF40
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QUALITY OF EFFLUENT

The required degree of wastewater treatment shall be based on the effluent requirements and
water qudity standards established by the Department and/or appropriate Federa regulations.
Only trestment processes whic h are known, demonstrated, or reasonably expected to be
capable of condstently meeting such standards under normal operating conditions shal be
approved.

DESIGN

431 Typeof Treatment

Asaminimum, the following items shdl be considered in the selection of the type of treatment:

a Present and future effluent requirements, including the status and vulnerability of the
recaving stream;

b. Loceation of and loca topography of the plant site;

o] Space available for future plant congtruction;

d. The effect on indudtrid wastes likely to be encountered;

e Ultimate disposdl of dudge;

f. System capital codts,

o] System operating and maintenance codts, including basic energy requirements;
h Process complexity governing operating personnel requirements; and

i. Environmenta impact on the receiving stream and on present and future adjacent land
use

432 Required Engineering Data for New Process Evaluation

The policy of the Department is to encourage rather than obstruct the development of any
methods or equipment for treatment of wastewaters. The lack of inclusion in these standards of
some types of wastewater treatment processes or equipment should not be construed as
precluding their use. The Department may approve other types of wastewater treatment
processes and equipment under the condition that the operationa reliability and effectiveness of
the process or device shall have been demongtrated with a suitably - Sized unit operating at
similar design load and effluent conditions, to the extent required.

43.2.1 Test Data
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The Department may require the following:

a Monitoring observations, including test results and engineering evaudions,
demongtrating the efficiency of such processes.

b. Detailed description of the test methods.

C Tegting, including appropriately- composited samples, under various ranges of strength
and flow rates (including diurnd variations) and waste temperatures over a sufficient
length of time to demonstrate performance under climatic and other conditions which
may be encountered in the area of the proposed ingtallations.

d. Other gppropriate information.

The Department may require that appropriate testing be conducted and evauations be made

under the supervision of acompetent process engineer other than those employed by the

manufacturer or devel oper.
43.2.2 Design by Analogy

Datafrom similar municipaities may be utilized in the case of new systems; however, thorough

investigation that is adequately documented shall be provided to the revi ewing authority to

establish the rdiability and gpplicability of such data

433 Design Loads
43.3.1 Hydraulic Design

43311 New Systems

a Undeveloped Aress

The design for sewage treatment plants to serve new sewer systems being built in currently

undevel oped areas shall be based on an average per capitaflow of 70 to 120 gpd, as described

in Section 23.1.

b. Existing Developed Arees

Congderation shdl be given in the design for a sewage treatment plant to serve a new sewerage

systemfor amunicipaity or sewer digtrict for higher flow ratesif the existence of alarge

percentage of older building islikely to contribute significant infiltration/inflow to the new sanitary
sewer sysem.
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43.3.1.2 Exiging Sysems

Where there is an exiging system, the volume and strength of exigting flows shdl be determined.
The determination shdl include both dry-weather and wet-westher conditionsfor et least a
one-year period. Samples shal be taken and composited so asto be accurately representative
of the strength of the wastewater. At least one year's flow data should be taken as the basis for
the preparation of hydrographs for anayss to determine the following types of flow conditions
of the systems:

a the annua average daily flow - as determined by averaging flows over one year,
exdusve of inflow dueto rainfdl;

b. the minimum daily flow - as determined by observing twenty-four hour flows during dry
wesather (low rainfal period) when infiltration/inflow are a aminimum;

C. wet-weether peak flows - as determined by observing twenty-four hour flows during a
period of one year when infiltration/inflow are at amaximum;

d. wet-westher flows of 7-day duration, as determined by observing for a period of one
year the daily flows during the immediate 7-day period following rainfdl sufficient to
cause ground surface runoff;

e peek hourly flows - as determined by observing the maximum hydraulic load to the
plant; and

f. indugtrid waste flows - as determined by flow data, including water use records, for
each of indudtries tributary to sewer system.

The plant design flow selected shall meet the gppropriate effluent and water quality standards
thet are st forth in the discharge permit.

43.3.2 Organic Design
43321 New System Minimum Design

Domestic waste treatment design shall be on the basis of at least 0.17 pounds (0.08 kg) of
BOD;s per capita per day and 0.20 pounds (0.09 kg) of suspended solids per capita per day,
unless information is submitted to judtify dternate designs.

Where garbage grinders are widdly used in aress tributary to a domestic trestment plant, the
design basis should beincreased to 0.22 pounds (0.10 kg) of BODs per capita per day and
0.25 pounds (0.11 kg) of suspended solids per capita per day.

Domestic waste treatment plants that will receive industria wastewater flows shal be designed
to include these indugtrid weste loads.
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43322 Exiging Sysems
When an exiging treatment works is to be upgraded or expanded, the organic design shdl be
based upon the actud strength of the wastewater as determined from the measurements teken in
accordance with paragraph 43.3.1.2 above, or upon the basis in paragraph 43.3.2.1 above,
whichever is higher, with an gppropriate increment for growth.

43.3.3 Shock Effects

The shock effects of high concentrations and diurna peaks for short periods of time on the
treatment process, particularly for small treatment plants, shdl be considered.

43.4 Conduits

All piping and chennd's should be designed to carry the maximum expected flows. The
incoming sewer should be designed for unrestricted flow. Bottom corners of the channdls must
be filleted. Conduits shdl be designed to avoid creation of pockets and corners where solids
can accumulate. Suitable gates should be placed in channds to sedl off unused sections which
might accumulate solids. The use of shear gates or stop planksis permitted where they can be
used in place of gate valves or duice gates. Non-corrodible materials shdl be used for these
control gates.

435 Arrangement of Units

Component parts of the plant should be arranged for greatest operating and maintenance
convenience, flexibility, economy, continuity of maximum effluent quality, and ease of ingdlation
of future units. Unless otherwise noted, dl process unit drains, backwash, overflow,
supernatant drawoff, waste dudge, etc. shal be properly disposed of, or routed to an
appropriate point in the treatment process, or to the head of the plant. 1n no case shall any such
waste be discharged, through the effluent line or otherwise, to the environment.

43.6 Flow Divison Control
Flow division control facilities shal be provided as necessary to insure organic and hydraulic
loading control of plant process units and shall be designed for easy operator access, change,
observation, and maintenance. Appropriate flow measurement shall be incorporated in the flow
divison control design.

44.  PLANT DETAILS

441 Ingallation of Mechanical Equipment

The specifications should be so written that the instdllation and initid operation of mgor items of

mechanica equipment will be performed in accordance with the recommendations of the
manufacturer and supervised by arepresentative of the manufacturer.
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442  Unit Bypasses

Properly located and arranged bypass structures and piping shall be provided so that each unit
of the plant can be removed from service independently without causing a violation of the
permit. The bypass design shal facilitate plant operation during unit maintenance and
emergency repair S0 as to minimize deterioration of effluent quaity and insure rgpid process
recovery upon return to normal operationa mode. Dua or multiple unit processes are strongly
recommended to facilitate adequate trestment during such repairs, and may be required to
protect sensitive receiving waters.

44.2.1 Unit Bypass During Construction

Fina plan documents shal include construction requirements in accordance with Section 15, as
deemed necessary by the Department to avoid unacceptable temporary water quality
degradation.

443 Drans

Means shall be provided to dewater each unit to an appropriate point in the process. Inno
case shdl any untreated or partially treated water be discharged, through the effluent line or
otherwise, to the environment. Due consideration shall be given to the possible need for
hydrogtatic pressure relief devices to prevent flotation of structures. Pipes subject to clogging
shdll be provided with means or access for mechanica cleaning or flushing.

444 Condgruction Materials

Due congderation should be given to the selection of materids which are to be used in sawage
treatment works because of the possible presence of hydrogen sulfide and other corrosive
gases, greases, oils, and smilar condtituents frequently present in seweage. Thisis particularly
important in the selection of metals and paints. Contact between dissimilar metas should be
avoided to minimize galvanic action.

All earthen basins receiving wastewater or dudge shdl comply with the following Sections: 101
and all subsections, 102 and &l subsections, 103, 103.6, 104.1.1-104. 1.5, 104.1.7 and dl
subsections, 104.2 and al subsections, 104.3.1, 104.3.2, 104.3.4, 104.3.6, 104.4.2
105.1-105.3, and 105.5.

All dectricd equipment shall comply with Section 32.3.5.

445  Painting

The use of paints containing lead or mercury should be avoided. In order to facilitate
identification of piping, particularly in large plants, it is suggested that the different lines be

color-coded. The following color schemeis recommended for purposes of standardization.
Itemswith a /A are required colors.
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Raw dudgeline- brown with black bands

Sudge recirculaion suction line - brown with yellow bands

Sudge draw off line - brown with orange bands

Sudge recirculation discharge line- brown

ASudgegasline - orange (or red)

ANaurd gasline - orange (or red) with black bands

Nonpotable water line - blue with black bands

APotable water line - blue

AChlorineline - yellow

ASulfur Dioxide - yellow with red bands

Sewage (Wastewater) line - gray

Compresed air line - green

Water linesfor heating digesters or building - blue with a 6-inch (152 mm) red
band spaced 30 inches (762 mm) apart

M The contents shal be stenciled on the piping in acontrasting color.

A direction of flow stencil is aso recommended.
446 Operating Equipment

A complete outfit of tools, accessories, and spare parts necessary for the plant operator's use
should be provided. Readily-accessible storage space and workbench facilities should be
provided, and consideration be given to provision of agarage for alarge equipment storage,
maintenance, and repair.

447 Erosion Control During Construction
Effective Ste eroson control shal be provided during construction.
448 Grading and Landscaping

Upon completion of the plant, the ground should be graded and grassed. All-wegather
walkways should be provided for accessto dl units. Where possible, steep dopes should be
avoided to prevent erosion and accidents. Surface water shal not be permitted to drain into
any unit. Paticular care shal be taken to protect trickling filter beds, dudge beds, and
intermittent sand filters from stormwater runoff. Provision should be made for landscaping,
particularly when a plant must be located neer residentia aress.

45.  PLANT OUTFALLS
451 Entrancelmpact Control
The outfal sewer shdl be designed to discharge to the receiving stream in amanner acceptable

to the Department and COE and any other appropriate authority. Consideration should be
given in each case to the following:
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a Preference for free fal or submerged discharge et the Site sdlected;

b. Utilization of cascade aeration of effluent discharge to increase dissolved oxygen;

C Limited or complete across stream dispersion as needed to protect aquatic life
movement and growth in the immediate reaches of the receiving stream; and

d. Appropriate effluent sampling in accordance with Section 45.3.

452 Protection and Maintenance

The outfal sewer shdl be so congtructed and protected against the effects of floodwater, tide,
ice, erosion, or other hazards as to reasonably insureits structural stability and freedom from
stoppage. A manhole should be provided at the shore end of al gravity sewers extending into
the receiving waters. Hazards to navigation shall be considered in designing outfall sewers.
453 Sampling Provisions

All outfals shal be designed so that a sample of the effluent can be obtained at a point after the
final treatment process and before discharge to or mixing with the receiving waters.

ESSENTIAL FACILITIES

46.1 Power Supply and Electrical Equipment

The requirements of Section 32.3.5 shall apply.

46.1.1 Emergency Power Facilities- General

All plants shal be provided with an aternative source of € ectric power to all ow continuity of

operation during power failures, except as noted below. Methods of providing aternate

sourcesinclude:

a The connection of a least 2 independent public utility sources such as subgtetions - a
power line from each substation is recommended, and will be required unless
documentation is received and approved by the Department verifying that aduplicate
lineis not necessary to minimize water qudlity violaions,

b. Portable or in-place interna combustion engine equipment which will generate sufficient
eectrica or mechanicd energy; and

C Portable pumping or aeration equipment when only emergency pumping or
aerationisrequired.

Power-providing equipment shdl conform to Section 36.2, as applicable.
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46.1.2 Power for Aeration

Standby generating capacity normaly is not required for aeration equipment used in the
activated dudge process. In cases where long-term (4 hours or more) power outages (such as
hurricanes and ice storms) have occurred, auxiliary power for minimum aeration of the activated
dudge will be required. Full power generating capacity may be required by the Department on
certain critica stream segments.

46.1.3 Power for Disinfection
Continuous disinfection, where required, shal be provided during al power outages.
46.2 Water Supply

46.2.1 General
An adequate supply of potable water under pressure shal be provided for use in the laboratory
and for generd cleanliness around the plant. No piping or other connections shal exist in any
part of the treatment works which, under any conditions, might cause the contamination of
potable water supply. The chemica quality should be checked for suitability for itsintended
uses such asin heat exchangers, chlorinators, etc.

46.2.2 Direct Connedtions

Only potable water from amunicipal or separate supply may be used directly at points above
grade for the following hot and cold supplies:

a Lavatory;

b. Water closdt;

C Laboratory sink (with vacuum bresker);
d. Shower;

e Drinking fountairy

f. Eye wash fountain; and

g Safety shower.

Hot weter for any of the above units shdl not be taken directly from a boiler used for supplying
hot water to adudge heat exchanger or digester heating unit.

46.2.3 Indirect Connections
Where a potable water supply is to be used for any purpose in aplant other than those listed in
Section 46.2.2, a backflow preventer or a break tank, pressure pump, and pressure tank shall

be provided. Water shal be discharged to the bresk tank through an air gap at least 6 inches
(15.2 cm) above the maximum flood line or the saill line of the tank, whichever is higher.
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A dgn shall be permanently posted at every hose bib, faucet, hydrant, or Sill cock located on the
water system beyond the backflow preventer or break tank to indicate thet the water is not safe
for drinking. Hoses used at such outlets should be restricted to non-potable uses and should be
color coded to not be confused with potable water hoses.

46.2.4 Separate Non-Potable Water Supply
Where a separate non-potable water supply is to be provided, a backflow preventer or break
tank will not be necessary, but al system outlets shall be posted with a permanent sign indicating
the water isnot safe for drinking. Hoses used at such outlets should be restricted to non
potable uses and should be color coded to not be confused with potable water hoses.
46.3 Sanitary Facilities

Tailet, shower, lavatory, and locker facilities should be provided in sufficient numbers and
convenient locations to serve the expected plant personnel.

464 Floor Sope

Floor surfaces should be doped adequately to a point of drainage, except where
meaterias containment is necessary.

46,5 Stairways

Stairways should be ingtalled wherever possiblein lieu of ladders. A flight of dairs should
congist of not more than a 12 foot (3.7 m) continuous rise without a platform.

46.6 Flow Measurement

Effluent flow measurement facilities shall be provided a dl plants. Indicating, totdizing, and
recording flow messurement devices shdl be provided for dl mechanica plants and for dl HCR
systems or when required by permit conditions. Flow measurement facilities for lagoon systems
shdl not be less than pump- cdibration time clocks or cdibrated flume or weir.

Influent flow measurement facilities are recommended.

SAFETY

Applicable regulations of the Occupationd Safety and Health Adminigtration (OSHA) should be

considered in the design, construction, and operation of the wastewater facilities. If any of the
fallowing items conflict with OSHA regulaions, the OSHA regulations shdl prevail.
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Adequate provision shdl be made to effectively protect the operator and visitor from hazards.
Thefollowing shdl be provided as necessary to fulfill the particular needs of each plants:

a Enclosure of the plant Site with a fence designed to discourage the entrance of
unauthorized persons and animals;

b. Hand rails and guards around and/or grating over tanks, trenches, pits, sairwells, and
other hazardous structures,

C Frgt ad equipment;
d. "No Smoking" sgnsin hazardous aress,

e Protective clothing and equipment, such as air pacs, goggles, full face shidlds, gloves,
hard hats, safety hamesses, fire extinguishers, chemica spill kits, etc.;

f. Portable blower and sufficient hose;
g Portable lighting equipment, complying with the NEC requirements, and;

h Appropriately - placed warning signs for dippery areas, non-poteble water fixtures, low
head clearance areas, open service manhole, hazardous chemical storage aress,
flammable fud storage aress, eic.

i. A positive means of locking out each mechanica device.
471 Hazardous Chemical Handling

Thematerids utilized for storage, piping, vaves, pumping, metering, splash guards, etc., shal be
specialy selected consdering the physica and chemica characterigtics of each hazardous or
corrosive chemicd.

47.1.2 Secondary Containment

Chemicd storage aress shdl be enclosed in dikes or curbs which will contain the stored volume
until it can be safely transferred to dternate storage or released to the wastewater at controlled
rates which will not damage facilities, inhibit the trestment processes, or contribute to stream
pollution. Liquid polymer should be similarly contained to reduce areas with dippery floors,
expecidly to protect travelways. Non-dip floor surfaces are desirable in polymer- handling
aress.

47.1.3 Eye-Wash Fountains and Safety Showers

Eye-wash fountains and safety showers utilizing potable water shdl be provided in the
laboratory and on each floor level or work location involving hazardous or corrosive chemica
storage, mixing (or daking), pumping, metering, or unloading. Thesefacilitiesareto beasclose
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as practicable and shdl be no more than 25 feet (7.6 m) from points of hazardous chemica
exposure and are to be fully useful during al weether conditions.

47.1.4 Splash Guards

All pumps or feeders for hazardous or corrosive chemicals shal have guards which will
effectively prevent spray of chemicasinto space occupied by personnel. The splash guards are
in addition to guards to prevent injury from moving or rotating machinery parts.

47.1.5 Piping, Labeling, Coupling Guards, L ocation

All piping containing or transporting corrosive or hazardous chemicas shall be identified with
labels every ten feet and with at least two labelsin each room, closst, or pipe chase.
Color-coding as detailed in Section 44.5 shall aso be used, but is not an adequate substitute for
labeling. All connections (flanged or other type), except those adjacent to storage or feeder
areas, shdl have guards which will direct any leakage away from space normaly occupied by
personnel. Pipes containing hazardous or corrosive chemicals should not be located above
shoulder level except where continuous drip collection trays and coupling guards will diminate
chemica spray or dripping onto personnd.

47.1.6 Protective Equipment

Other safety or protective clothing and equipment, such as chlorine repair kits and respirators,
should be provided as appropriate.

47.1.7 Warning System and Signs

Facilities shall be provided for autometic shutdown of pumps and sounding of aarms when
failure occurs in pressurized chemicd discharge line.

Warning signs requiring use of goggles shall be located near chemical unloading ations, pumps,
and other points of frequent hazard.

47.1.8 Dust Collection

Dugt collection equipment shdl be provided where necessary to protect personnel from dusts
injurious to the lungs or skin and to prevent polymer dust from settling on walkways.

LABORATORY
Note: Section 48 has been extracted and modified from the Michigan Water Pollution

Association publication entitled:  ("Recommended Guideines for Wastewater Treatment Plant
Laboratory Facilities, 1970").
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All Class 1V and mechanicd Class 11 trestment works shdl include a laboratory for making the
necessary andytica determinations and operating control tests, except in individud situations
where the omission of alaboratory is gpproved by the Department. The laboratory shdl have
aufficient size, bench space, equipment and supplies to perform al self-monitoring andytical
work required by discharge permits, and to perform the process control tests necessary for
good management of each treatment processincluded in the design.

48.1 Location

The laboratory should be located on ground level, easily accessible to al sampling points, with
environmenta control as an important consideration. It shal be located away from vibrating
meachinery or equipment which might have adverse effects on the performance of Iaboratory
instruments or the analyst or shall be designed to prevent adverse effects from vibration.

482 Materials

48.2.1 Floors
Floor surfaces should be fire resistant, highly resistant to acids, akalies, solvents, and sdts, and
not be dippery when wet. Floor drains should be instaled as appropriate, and shal connect to

the sanitary sawer.

48.2.2 Doors

Two exit doors should be located to permit a straight egress from the laboratory, preferably at
least one to outside the building. Panic hardware should be used. They should have large glass
windows for easy vighility of approaching or departing personnd.

Automatic door closures should be ingtalled; swinging doors should not be used.

Flush hardware should be provided on doorsif cart traffic is anticipated. Kick plates are do
recommended.

483 Cabinetsand Bench Tops

Water, gas, air, and vacuum service fixtures; traps, strainers, overflow, plugs, and tailpieces;
and dl dectrica sarvicefixtures shdl be supplied with the laboratory furniture.

Strong, stable cabinets and bench tops should be provided. The top materid should be resistant
to attacks from normally used laboratory reagents. Overhangs and drip grooves should be
provided.

Separate storage cabinets for acids and solvents should be provided.

The solvent storage cabinets should be vented top and bottom.
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484 Hoods

Fume hoods to promote safety and canopy hoods over heat-releasing equipment shdl be
ingtalled as gppropricte.

48.4.1 FumeHoods

484.1.1 L ocation
Fume hoods should be located where air disturbance at the face of the hood isminima. Air
disturbance may be created by persons walking past the hood; by heeting, ventilating or
ar-conditioning systems; by drafts from opening or closing adoor; etc.
SHety factors should be considered in locating ahood. If ahood is situated near adoorway, a
secondary means of egress shall be provided. Bench surfaces should be available next to the
hood so that chemicals need not be carried long distances.

484.1.2 Design and Materials
The selection of fume hoods, their design and materids of congtruction, shall be appropriate to
the variety of andyticad work to be performed and the characterigtics of the fumes, chemicals,
gases, or vapors that will or may berdeased by the activities therein.
Fume hoods are not appropriate for operation of heat-resisting equipment that does not
contribute to hazards, unless they are provided in addition to those needed to perform
hazardous tasks.

484.1.3 Fixtures
One cup sink should be provided insde each fume hood.

All switches, dectricd outlets, and utility and baffle adjustment handles should be located
outside the hood. Light fixtures should be exploson-proof.

484.14 Exhaust

24-hour ontinuous exhaust capability should be provided. Exhaust fans should be
exploson-proof. Exhaust velocities should be checked when fume hoods are ingtalled.

484.15 Alarms
A buzzer for indicating exhaust fan failure and a static pressure gauge $ould be placed in the

exhaust duct. A high temperature sensing device located inside the hood should be connected
to the buzzer.
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48.4.2 Canopy Hoods

Canopy hoods should beingtaled over the bench-top areas where hot plate, steam bath, or
other hesting equipment or heat-releasing instruments are used. The canopy should be
congtructed of heat and corrosion resistant materid.

485 Sinks

The laboratory should have aminimum of three gppropriately designed sinks (not including cup
sinks). At least two of them should be double-well with drainboards. The sinks should be
constructed of materid highly resistant to acids, dkalies, solvents, and sdts, and should be
abrasion and heat resistant, non-absorbent, and light in weight. Traps should be made of glass
or plastic and eadily accessible for cleaning.

48.6 Ventilation and Lighting

Laboratories should be separately air conditioned, with externa air supply for 100% makeup
volume. In addition, separate exhaust ventilation should be provided. Ventilation outlet
locations should be remote from verttilation inlets. Dehumidifiers should be considered.

Good lighting, free from shadows, shdl be provided.

48.7 Gasand Vacuum

Natural gas should be supplied to the laboratory. Digester gas should not be used.

An adequately-szed line source of vacuum should be provided with outlets available throughout
the laboratory.

488 Balanceand Table

An gppropriate andytical balance and table should be provided and appropriately located.
489 Equipment, Supplies, and Reagents

The laboratory should be provided with al of the equipment, supplies, and reagentsthet are
needed to carry out dl of the facility's andytica testing requirements. Permit, process control,
and industrid waste monitoring requirements shdl be consdered when specifying equipment

needs. References such as Standard M ethods, the U.S.E.P.A. Analytica Procedures Manua
and 40 CFR Part 136 should be consulted prior to specifying equipment items.
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48.10 Power Supply Regulation

To eiminate voltage fluctuation in sendtive equipment, eectricd lines supplying the |aboratory
should be controlled with a congtant voltage, harmonic neutralized type of transformer.

4811 Water Still

Anadl-glass ill, with a least one galon (3.79 1) per hour cgpacity, should be ingaled
complete with al utility connections. A deonization unit cgpable of producing 1 gph (3.79 Iph)
of CAP/ASTM Type | water may be used instead of a till.

4812 Handicapped Access

Applicable requirements of the Americans with Disabilities Act of 1990 (ADA) must be
considered in the design, construction, and operation of the wastewater facilities.

The design engineer shall state or confirm in writing thet the facility's design conforms with the
ADA.

49. FIREPROTECTION
Trestment facilities should have adequate fire protection. A referenceis NFPA 820,

Recommended Practice for Fire Protection in Wastewater Treatment Plants by the Nationa
Fire Protection Association (NFPA), Quincy, MA, phone 1-800/344- 3555.
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CHAPTER 50
SCREENING, GRIT REMOVAL, AND FLOW EQUALIZATION

SCREENING DEVICES
51.1 Bar Racksand Screens

51.1.1 When Required
Protection for influent pumps and other equipment shdl be provided by either coarse bar racks
or bar screens. Protection for grinding/shredding equipment should be provided by coarse bar
racks.

51.1.2 Location

51121 Indoors

Screening devices, ingaled in a building where other equipment or offices are located, should
be ble only through a separate outside entrance.

51.1.2.2 Outdoors

Screening devices indalled outside should be protected from freezing by atemporary protective
enclosure or other means as necessary.

51.1.2.3 Access

Screening areas shall be provided with stairway access, adequate lighting and positive fresh air
ventilation, and a convenient and adeguate means for removing the screenings.

51.1.3 Design and Installation
51.1.3.1 Bar Spacing
Clear openings between bars should be no less than oneinch (2.54 cm) for manudly cleaned
screens. Clear openings for mechanicaly cleaned screens may be as small as 5/8 of aninch
(1.59 cm). Maximum clear openingsshould be 1 = inches (4.45 cm).
51.1.3.2 Sope

Manually cleaned screens, except those for emergency use, should be placed on adope of 30
to 45 degrees from the horizontal.
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51.1.3.3 Velocities
At normal operating flow conditions, gpproach velocities should be no less than 1.25 fps (38
cn/s), to prevent settling; and no greater than 3.0 fps (91 cm/s) to prevent forcing materia
through the openings.

51.1.34 Channds

Dua channés shal be provided and sized and equipped with the necessary gatesto isolate flow
from any screeningunit. Provisions shall dso be made to facilitate dewatering each unit. The
channd preceding and following the screen shal be shaped to eiminate stranding and sattling of
olids.

51.1.35 Invert

The screen channd invert should be 3.0 to 6.0 inches (7.6 - 15.2 cm) below the invert of the
incoming sawer.

51.1.3.6 Flow Distribution

Entrance channels should be designed to provide equal and uniform distribution of flow to the
screens.

51.1.3.7 Flow M easurement
How measurement devi ces shal be provided and should be selected for rdliability and
accurecy. The effect of changesin backwater devations, due to intermittent cleaning of screens,
should be considered in locations of flow measurement equipment.
51.1.4 Safety

51.14.1 Railingsand Gratings

Manualy cleaned screen channels shall be protected by guard railings and deck gratings, with
adequate provisons for remova or opening to facilitate raking.

Mechanicaly cleaned screen channels shal be protected by guard railings and deck gratings.
Congderation should dso be given to temporary access arrangements to facilitate maintenance
and repair.

51.1.4.2 M echanical Devices

Mechanica screening equipment shall have adequate remova enclosures to protect personnel
againg accidental contact with moving parts and to prevent dripping in multi-level ingdlations.
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51.1.5 Control Systems
51151 Timing Devices

All mechanicd units which are operated by timing devices shdl be provided with auxiliary
controls which will set the cleaning mechanism in operation at a preset high water elevation.

51.15.2 Electrical Fixturesand Controls

Electricd fixtures and controlsin screening areas where hazardous gases may accumulate shall
meet the requirements of Section 32.3.5.

51.1.5.3 Manual Override
Automatic controls shall be supplemented by amanua override.
51.1.6 Disposal of Screenings

Facilities shall be provided for removal, handling, storage, and disposd of screeningsin alega
and sanitary manner. Separate grinding of screenings and return to the sewage flow is
unacceptable. Manualy cleaned screening facilities should include an accessible platform from
which the operator may rake screenings eadly and safely. Suitable drainagefecilities shdl be
provided for both the platform and the storage areas. Such drainage shdl be returned to the
influent flow at the head of the plant.

51.1.7 Auxiliary Screens

Where a sngle screen is used, an auxiliary manually clesned screen shall be provided. Where
two or more screens are used, the design shdl provide for taking any unit out of service without
sacrificing the capability to handle the pesk design flow. At lesst one of the screens shall be
designed to dlow manua deaning

51.2 FineScreens
51.2.1 General

Fine screens (about 1/16 inch) may be used in lieu of primary sedimentation providing that
subsequent trestment units are designed on the basis of anticipated screen performance. Fine
screens should not be considered equivaent to primary sedimentation. Where fine screensare
used, additiona provision for the removd of floatable oils and greases shdl be considered.

51.2.2 Design

Tests should be conducted to determine BODs and suspended solids removal efficiencies at the
design peak hydraulic and peak organic loadings.
A minimum of two fine screens shall be provided, each unit being capable of independent
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operation at peak design flow.
Fine screens shdl be preceded by amechanicaly cleaned bar screen or other protective device.
Grinding/shredding devices shal not be used ahead of fine screens. Freeze protection should
be provided, as appropriate.

51.2.3 Electrical Fixturesand Control

Electricd fixtures and controls in screening areas where hazardous gases may accumulate shall
meet the requirements of Section 32.3.5.

51.2.4 Servicing

Hosing equipment shal be provided to facilitate cleaning. Provision shal be made for isolating
or removing unitsfrom their location for servicing.

GRINDING/SHREDDING (GS) EQUIPMENT

521 GENERAL

Provisons for location shdl be in accordance with those for screening devices, Section 51.1.2.
522 When Required

G/S equipment should be used in plants that do not have primary sedimentation or fine screens,
and should be provided in cases where mechanically cleaned bar screenswill not be used.

G/S equipment is not required for SDG, STEP, or GP/PS collection systems.
52.3 Design Considerations
52.3.1 Location
G/S equipment should be located downstream of any grit remova equipment.
52.3.2 Sze
G/S equipment capacity shal be adequate to handle pesk hourly flow.
52.3.3 Ingallation
A screened bypass channel shall be provided. The use of the bypass channel should be
automatic in case of equipment failure and at depths of flow exceeding the design capacity of the
G/S equipment.

Each G/S device that is not preceded by grit removal equipment should be protected by a6.0
inch (15.2 cm) deep gravel trap.
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Gates shdl be provided in accordance with Section 51.1.3.4.
52.3.4 Servicing

Provison shdl be made to fadilitate servicing units in place and removing units from their
location for servicing.

52.3.5 Electrical Controlsand M otors
Electrica equipment in G/S equipment chambers where hazardous gases may accumulate shal
meet the requirements of Section 32.3.5. Motorsin areas not governed by this requirement
may need protection againgt accidenta submergence.
53. GRIT REMOVAL FACILITIES

531 Genera

Grit remova facilities should be provided as needed for dl sawage trestment plants.

Grit removd facilities should be located ahead of pumps and grinding/shredding devices.
Coarse bar racks should be placed aheed of grit removal fadilities.

53.1.1 Housed Facilities
53111 Ventilation
Uncontaminated air shal be introduced continuoudy at arate of 12 air changes per hour, or
intermittently at arate of 30 air changes per hour. Odor control facilities may aso be
warranted.
53.1.1.2 Access
Adequate stairway access to above or below-grade facilities shdl be provided.

53.1.13 Electrical

All dectrica work in enclosed grit remova areas where hazardous gases may accumulae shall
meet the requirements of Section 32.3.5.

53.1.2 Outside Facilities

Grit remova facilities located outside shall be protected from freezing by a temporary protective
enclosure or other means.

533 Typeand Number of Units
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A single manudly cleaned or mechanicaly cleaned grit chamber with a bypassis acceptable for
small (under 1 MGD) sewage trestment plants serving separate sanitary sewer systems.
Minimum facilities for larger (1 MGD or more) plants serving sanitary sewers should be at least
one mechanicaly cleaned unit with abypass. Facilities other than channek-type are acceptable if
provided with adequate and flexible controls for agitation and/or air supply devices and with grit
callection and removd eguipment.
534 Design Factors

53.4.1 General

The design effectiveness of agrit remova system shal be commensurate with the requirements
of the subsequent process units.

53.4.2 Inlet
Inlet turbulence shdl be minimized.

53.4.3 Veocity and Detention
Channe-type chambers shdl be designed to limit velocities during normd variationsin flow as
close as possible to one fps (30 cm/s). The detention period shal be based on the size of
particle to beremoved. All grit remova facilities should be provided with adequate automatic
control devices to regulate detention time, agitation, and air supply.

53.4.4 Grit Washing
The need for grit washing should be determined by the method of fina grit disposdl.

53.4.5 Grit Handling
Grit removd fadilities located in deep pits should be provided with mechanical equipment for
hoigting or trangporting grit to ground level. Impervious, non-dip, working surfaces with
adequate drainage shdl be provided for grit handling aress. Grit trangporting facilities shdl be
provided with protection againg freezing and loss of materid.
PREAERATION

Pregeration of sewage to reduce septicity may be required in specid cases.
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FLOW EQUALIZATION
551 General

Flow equalization can reduce the dry-weather variaionsin organic and hydraulic loadings at any
wagtewater treatment plant. It should be provided where large diurna variations are expected.

55.2 Location

Equdization basins should be located downstream of pretrestment facilities such as bar screens,
grinding/shredding equipment, and grit chambers.

553 Type

Flow equalization can be provided by using separate basins or on-line treetment units, such as
aeration tanks. Except as provided in Section 55.7, equdization basins may be designed as
dther in-line or Sde line units. Unused trestment units, such as sedimentation or aeration tanks,
may be utilized as equdization basins during the early period of design life.

554 Sze

Equdization basin capacity should be sufficient to effectively reduce expected flow and load
variations to the extent deemed to be economicaly advantageous. With adiurna flow pattern,
the volume required to achieve the desired degree of equdization can be determined from a
cumulative flow plot over arepresentative 24-hour period.

555 Operation
55.5.1 Mixing

Aeration or mechanica equipment shal be provided if necessary to maintain adequate odor
control and mixing. Corner fillets and hopper bottoms with draw-offs should be provided to
aleviate the accumulation of dudge and grit.

55.5.2 Aeration

Aeration equipment shal be sufficient to maintain aminimum of 1.0 mg/1 of dissolved oxygenin
the mixed basin contents a al times. Air supply rates should be minimum of 1.25 cfm/1000
galons (0.15 1/s*n) of storage capacity. The air supply should be isolated from other
treatment plant aeration requirements to facilitate process agration control, although process air
supply equipment may be utilized as a source of standby aeration
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55.5.3 Controls
Inlets and outlets for al basin compartments shdl be suitably equipped with accessible externd
valves, sop plates, weirs, or other devicesto permit flow control and the remova of an
individud unit from service. Fadilities should aso be provided to measure and indicate liquid
levels and flow retes.
55.6 Congruction and Materials
The basins should be side-ling, nat in-line

All basins must comply with Section 44.4.
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CHAPTER 60
SETTLING

GENERAL CONSIDERATIONS

61.1 Number of Units

Multiple units capable of independent operation are desirable and shal be provided in dl plants
where design flows exceed 100,000 gpd (379 ni/d). Plants not having multiple units shall
include other provisionsto assure continuity of trestment.

61.2 Arrangement

Settling tanks shall be arranged in accordance with Section 43.5 and 62.6.

61.3 Flow Distribution

Effective flow measurement devices and control gppurtenances (i.e., valves, gates, splitter
boxes, etc.) shdl be provided to permit proper proportion of flow to each unit.

614 Tank Configuration

Condderation should be given to the probable flow pattern in the selection of tank size and
shape, and inlet and outlet type and location.

DESIGN CONSIDERATIONS
62.1 Dimensons

The minimum length of flow from inlet to outlet should be 10 feet (3 M) unless specid provisons
are made to prevent short circuiting. The Sidewater depth for primary clarifiers shdl be as
shdlow as practicable, but not lessthan 7 feet (2.1 m). Clarifiersfollowing the activated dudge
process shall have sidewater depths of at least 12 feet (3.7 m). Claifiersfollowing fixed film
resctors shall have sidewater depth of at least 10 feet (3.0 m).

62.2 Surface Settling Rates (Over flow Rates)
62.2.1 Primary Settling Tanks

Surface settling rates for primary tanks should not exceed 1000 gpd/ft? (41 né/nP*d) at design
average flows or 1500 gpd/ft? (61 n/nP*d) for pesk hourly flows. Clarifier sizing shdll be
caculated for both flow conditions and the larger surface area determined shdl be used.
Primary settling of norma domestic sawage can be expected to remove 30% to 35% of the
influent BOD. However, articipated BOD remova for sewage containing appreciable
quantities of industria wastes (or chemica additions to be used) should be determined by
laboratory tests and consideration of the quantity and character of the wastes.
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62.2.2 Intermediate Settling Tanks

Surface sttling rates for intermediate settling tanks following series units of fixed film reactor
processes shall not exceed 1500 gpd/ft? (61 me/n*d) based on peak hourly flow.

62.2.3 Final Settling Tanks
62.2.3.1 Final Settling Tanks - Fixed Film Biological Reactors

Surface sattling rates for sattling tanks following trickling filters or rotating biological contactors
shal not exceed 800 gpd/ft? at design average flow or 1200 gpd/ft? (49 n/n?*d) based on
peak hourly flow.

62.2.3.2 Final Settling Tanks - Activated Sudge

The hydraulic design of intermediate and fina settling tanks following the activated dudge
process shall be based upon the anticipated peak hourly rate for the areas downstream of the
inlet baffle. The peak/design average hydraulic loadings shall rot exceed: 1200/800 gpd/ft 2 for
conventiond, step aeration, contact stabilization and the carbonaceous stage of separate- stage
nitrification; 1000/700 gpd/ft® for extended aeration; and 800/600 gpd/ft? for the separate
nitrification sage. The solids loadings for dl activated dudge processes shal not exceed 20
Ib/d/ft? (98 kg/mf*d) at the design average flow or 50 Ib/d/ft* (244 kg/nf*d) at the peak rate.
Congderation should be given to flow equalization.

62.3 Inlet Structures
Inlets should be designed to dissipate the inlet vel ocity, to didtribute the flow equally both
horizontaly and verticadly and to prevent short circuiting. Channels should be designed to
maintain aveocity of at least one fps (0.3 m/s) a one-hdf the design flow. Corner pockets and
dead ends should be diminated and corner fillets or channeling used where necessary.
Provisons shdl be meade for dimination or remova of floating materidsin inlet structures.
62.4 Wadrs

62.4.1 Genera
Overflow wers shdl be adjustable for leveling.

62.4.2 Location

Overflow wers shdl be located to optimize actuad hydraulic detention time, and to minimize
short dircuiting.
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62.4.3 Design Rates

Weir loadings should not exceed 10,000 gpd/ft (124 n/m*d) for plants designed for average
flows of lessthan 1 MGD. Higher weir loadings may be used for plants designed for larger
average flows, but should not exceed 15,000 gpd/ft (186 n/m*d). If pumping is required, weir
loadings should be related to pump delivery rates to avoid short circuiting.

62.4.4 Wer Troughs

Welr troughs shal be designed to prevent submergence at maximum design flow, and to
meaintain a velocity of a least one fps (0.3 m/s) at one-hdf design flow.

625 Submerged Surfaces

Thetop of troughs, beams, and smilar submerged congtruction eements shal have aminimum
dope of 1.4 verticad to 1 horizontd; the underside of such dements should have adope of 1 to
1 prevent the accumulation of scum and solids.

62.6 Freeboard

Wialls of sttling tanks shdl extend at least 6 inches (15 cm) above the surrounding ground
surface and shdl provide not less than 12 inches (30 cm) freeboard. Additiona freeboard or
the use of wind screens is recommended where larger settling tanks are subject to high vel ocity
wind currents that would cause tank surface waves and inhibit effective scum removdl.

SLUDGE AND SCUM REMOVAL
63.1 Scum Removal

Effective scum collection and removd fedilities, including baffling, shal be provided for dl
ttling tanks. The unusua characteristics of scum which may adversdly affect pumping, piping,
dudge handling and disposd, should be recognized in design. Provisions may be made for the
discharge of scum with the dudge; however, other specid provisions for disposa may be
necessary.

63.2 Sludge Removal
63.2.1 Sludge Hopper

The minimum dope of the side walls shal be 1.7 verticd to 1 horizonta. Hopper wall surfaces
should be made smooth with rounded cornersto aid in dudge removal. Hopper bottoms shdll
have a maximum dimension of two feet (0.6 m). Extra depth dudge hoppers for dudge
thickening are not acceptable. Cross-collectors serving one or more settling tanks may be used

in lieu of multiple dudge hoppers.
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63.2.2 Sudge Removal Piping

Each hopper shdl have an individudly vaved dudge withdrawa line at leest six inches (15 cm)
in diameter (8 inches is recommended). The Satic head available for withdrawd of dudge shdl
be 30 inches (76 cm) or greater, as necessary to maintain athree fps (0.91 m/s) velocity inthe
withdrawal pipe. Clearance between the end of the withdrawal line and the hopper walls shall
be sufficient to prevent "bridging" of the dudge. Adequate provisons shdl be made for rodding
or back-flushing individud pipe runs. Piping shal aso be provided to return waste dudge to
primary claifiers.

63.2.3 Sludge Removal Controal

Sludge wells equipped with telescoping valves or other appropriate equipment shall be provided
for viewing, sampling and contralling the rate of dudge withdrawa. The use of easily maintained
sight glass and sampling valves may be appropriate. A means of measuring the dudge remova
rate shal be provided. Air lift type of dudge remova will not be approved for remova of
primary dudges. Sudge pump motor control systems shal include time clocks and vave
activators for regulating the duration and sequencing of dudge removal.

PROTECTIVE AND SERVICE FACILITIES

64.1 Operator Protection

All sttling tanks shall be equipped to enhance safety for operators. Such features shdll
gppropriately include machinery covers life lines, sairways, walkways, handrails, dip-resgant
surfaces, etc. OSHA guidance shall be followed.

64.2 Mechanical Maintenance Access

The design shdl provide for convenient and safe access to routine maintenance items such as
gear boxes, scum remova mechanisms, beffles, wers, inlet stilling baffle areas, effluent channels,
€tC.

64.3 Electrical Fixturesand Controls

Electricd fixtures and controls in enclosed settling basins shal meet the requirements of Section

32.3.5. The fixtures and controls shal be located so as to provide convenient and safe access
for operation and maintenance. Adequate area lighting shal be provided.
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CHAPTER 70
SLUDGE HANDLING AND DISPOSAL

DESIGN CONSIDERATIONS

711  Process Selection

The sdlection of dudge handling and disposa methods should include the following
considerations (See Chapter 40 also). In additionto Chapter 60, only items with a A apply to
drinking water dudge trestment:

afn  Energy requirements,

b.AA  Cos eficiency of dudge thickening and dewatering;

¢ Complexity of equipment;

dnfi  SEffing requirements;

e Toxic effects of heavy metals and other substances on dudge stabiization and disposd;
f. Sludge digegtion or stabilization requirements;

o] Trestment of Sde-stream flow such as digester and thickener supernatant;

hfA  Sudge storage requirements,

i.A A backup method of dudge handling and disposd, and,

j.-A  Methods of ultimate dudge disposd.

SLUDGE THICKENERS

Asthefirg step of dudge handling, the need for dudge thickeners to reduce the volume of
dudge should be consdered. Particular attention should be given to the pumping and piping of
the concentrated dudge and possible onset of anaerobic conditionsin sewage dudge. Sewage
dudge should be thickened to &t least 5% solids prior to transmission to digesters.
ANAEROBIC SLUDGE DIGESTION

731 Generdl

73.1.1 Multiple Units

Multiple tanks are recommended. Where asingle digestion tank is used, an dternate method of
dudge processing or emergency storage to maintain continuity of service shal be provided.
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73.1.2 Depth

For those units proposed to serve as supernatant separation tanks, the depth should be
aufficient to dlow for the formation of a reasonable depth of supernatant liquor. A minimum
Sdewater depth of 20 feet (6.1 m) is recommended.

73.1.3 Maintenance Provisions
To facilitate draining, deaning, and maintenance, the following features are desirable:
73131 Sope

The tank bottom should dope to drain toward the withdrawal pipe. For tanks equipped with a
suction mechanism for withdrawa of dudge, a bottom dope not lessthan 1:12 is recommended.
Where the dudgeisto be removed by gravity aone, 1.4 dopeis recommended.

73.1.3.2 Access Manholes

At least two 36 inch (91 cm) diameter access manholes should be provided in the top of the
tank in addition to the gas dome. There should be stairways to reach the access manholes.

73.2 Sudgelnletsand Outlets

Multiple recirculation withdrawal and return points, to enhance flexible operation and effective
mixing, should be provided, unless mixing facilities are incorporated within the digester. The
returns, in order to assst in scum breskup, should discharge above the liquid level and be
located near the center of the tank.

Raw dudge discharge to the digester should be through the dudge hester and recirculaion
return piping, or directly to the tank if interna mixing facilities are provided.

Sludge withdrawal to disposal should be from the bottom of thetank. This pipe should be
interconnected with the recirculation piping to increase versdtility in mixing the tank contents, if
such piping is provided.

An unvaved vented emergency overflow shal be provided to prevent damage to the digestion
tank and cover in case of accidenta overfilling. This overflow shdl be piped to an appropriate
point and at an appropriae rate in the treatment process to minimize the impact on process
units

73.3 Tank Capacity

Thetota digestion tank capacity should be determined by rational calculations based upon such
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factors as volume of dudge added, its percent solid s and character, the temperature to be
maintained in the digesters, the degree of extent of mixing to be obtained, and the degree of
volatile solids reduction required. Cd culations should be submitted to judtify the basis of design.

When such cdculations are not based on the above factors, the minimum combined digestion
tank capacity outlined below will be required. Such requirements assumethat araw dudgeis
derived from ordinary domestic wastewater, that a digestion temperature isto be maintainedin
the range of 9CE to 100EF (32EC to 38EC), that 40% to 50% volatile matter will be maintained
in the digested dudge, and that the digested dudge will be removed frequently from the system.

73.3.1 Completdy-Mixed Systems

Completely-mixed systems shadl provide for intimate and effective mixing to prevent dratification
and to assure homogeneity to digester content. The system may be loaded at arate up to 80
pounds of volatile solids per 1,000 ft* per day (1.28 kg/ni™*d) in the active digestion units
When grit remova facilities are not provided, the reduction of digester volume due to grit
accumulation should be considered. (Complete mixing can be accomplished only with
Substantia energy input.)

73.3.2 Moderately-Mixed Systems

For digestion systems where mixing is accomplished only by circulating dudge through an
externa heat exchanger, the syssem may be loaded at a rate up to 40 pounds of volatile solids
per 1,000 ft2 per day (0.64 kg/me*d) in the active digestion units. This loading may be modified
upward or downward depending upon the degree of mixing provided.

734  GasCallection, Piping, and Appurtenances

73.4.1 Genera
All portions of the gas system shdl be designed o that under al norma operating conditions,
including dudge withdrawd, the gas will be maintained under postive pressure. All enclosed
areas where any gas leakage might occur shdl be adequately ventilated.

73.4.2 Safety Equipment
All necessary safety facilities shdl be included where gasis produced. Pressure and vacuum
relief vaves and flame trgps, together with automatic safety shutoff valves, shdl be provided.

Water sedl equipment shal not be indalled. Gas safety equipment and gas compressors should
be housed in a separate room with an exterior entrance.
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73.4.3 GasPiping and Condensate

Gas piping shal be of adequate diameter and shall dope to condensate traps a low points. The
use of float-controlled condensate traps is not permitted.

73.4.4 Gas Utilization Equipment

Gas-fired boilersfor heating digesters shdl be located in a separate room not connected to the
digester gdlery. Such separate roomswould not ordinarily be classified as a hazardous
location. Gas lines to these units shdl be provided with suitable flame traps.

73.4.5 Electrical Fixtures

Electrica fixtures and contrals, in places enclosing anaerobic digestion gppurtenances, where
hazardous gases are normaly contained in the tanks and piping, shall comply with Section
32.35. Digester galleries should be isolated from norma operating areas, in accordance with
Section 73.4.7, to avoid an extension of the hazardous location.

73.4.6 Waste Gas

Waste gas burners shall be readily accessible and should be located at least 50 feet (15.2 m)
away from any plant structure if placed at ground level, or may be located on the roof of the
control building if sufficiently removed from the tank.

All waste gas burners shall be equipped with autometic ignition, such as pilot light or adevice
using a photodectric cell sensor. Consderation should be given to the use of natural or propane
gasto insure reiability of the pilot light.

In remote locations it may be permissible to discharge the gas to the atmosphere through a
return-bend screened vent terminating at least 10 feet (3.0 m) above the ground surface,
provided that the assembly incorporate a flame trap.

73.4.7 Ventilation
Any underground enclosures connecting with digestion tanks or containing dudge or gas piping
or eguipment shall be provided with forced ventilation in accordance with Section 32.7.2. The
piping gdlery for digesters should not be connected to other passages. Where used, tightly
fitting, saf-closing doors should be provided at connecting passageways and tunnelsto minimize
the spread of gas.

73.4.8 Meter

A gas meter with bypass should be provided to meter tota gas production.
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735 Digester Heating
73.5.1 Insulation

Wherever possible digestion tanks should be suitably insulated to minimize heet loss.

73.5.2. External Heating
Piping shdl be designed to provide for the preheating of feed dudge before introduction to the
digesters. Provisions shdl be made in the layout of the piping and vaving to fadilitate cleaning of
these lines. Heat exchanger dudge piping should be sized for heet transfer requirements.

73.5.3 Heating Capacity
Heating capacity sufficient to consistently maintain the design dudge temperature shdl be
provided. Where digester tank gasis used for dudge heating, and auxiliary fud supply is
required.

73.5.4 Hot Water Internal Heating Controls

7354.1 Mixing Valves
A suitable automatic mixing valve shal be provided to temper the boiler water with return water
so that theinlet water to the heat jacket can be held below a temperature at which caking will
be accentuated.
Manua control should aso be provided by suitable bypass valves.
735.4.2 Bailer Controls

The boiler should be provided with suitable automatic cont rols to maintain the boiler
temperature at gpproximately 18CEF (82EC) to minimize corrosion and to shut off the main gas
supply in the event of pilot burner or eectricd failure, low boiler water level, low gas pressure,
or excessive boiler water temperature or pressure.

73.5.4.3 Thermometers

Thermometers shall be provided to show temperatures of the dudge, hot water feed, hot water
return, and boiler weter.

736  Supernatant Withdrawal
73.6.1 Piping Sze

Supernatant piping should not be less than 6 inches (15.2 cm) in diameter.
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73.6.2 Withdrawal Arrangements
736.2.1 Withdrawal Levels

Piping should be arranged o that withdrawa can be made from three or more levelsin the
digester. A postive unvaved vented overflow shal be provided.

73.6.2.2 Supernatant Selector

If asupernatant sdector is provided, provisions shall be made for at least one other drawoff
level located in the supernatant zone of the tank in addition to the unvalved emergency
supernatant drawoff pipe. High pressure backwash facilities shdl be provided.

73.6.3 Sampling

Provisons should be made for sampling a each supernatant drawoff level. Sampling pipes
should be a least 1.5 inches (3.81 cm) in diameter, and should terminate at a suitably-Szed
sampling sink or besin.

73.6.4 Alternate Supernatant Disposal

Condderation should be given to supernatant conditioning, where gppropriate, in relation to its
effect on plant performance and effluent qudity.

AEROBIC SLUDGE DIGESTION
741 Mixing and Air Reguirements

Aerobic dudge digestion tanks shall be designed for effective mixing by satisfactory aeration
equipment. Sufficient air shal be provided to keep the solids in sugpensions and maintain
dissolved oxygen between 1 and 2 mg/1. A minimum mixing and oxygen requirement of 30
cfmy1,000 ft 2 of tank volume (0.50 1/s* ) shall be provided with the largest blower out of
sarvice. If diffusers are used, the nonclog type is recommended, and they should be designed to
permit continuity of service. If mechanica aerator are utilized, amini mum of 1.0 hp/1,000 ft°
(26.3 Win) should be provided. Use of mechanical equipment is discouraged where freezing
temperatures are normally expected.

742 Tanks

The determination of tank capacities shall be based on rationd caculations, including such
factors as quantity of dudge produced, dudge characteristics, time of aeration, and dudge
temperature. Multiple tanks are recommended. A single dudge digestion tank may be used in
the case of small treatment plants or where adequate provision is made for dudge handling and
where asingle unit will not adversaly affect norma plant operations.
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74.2.1 Volatile Solids L oading

It is recommended that the volatile suspended solids loading not exceed 100 /1,000 ft of
volume per day (1.60kg/m™d) in the digestion units. Lower loading rates may be necessary
depending on temperature, type of dudge, and other factors.

74.2.2 Solids Retention Time

Required minimum solids retention time for stabilization of biologica dudges vary depending on
type of dudge. Normally, a minimum of 15 days retention should be provided for waste
activated dudge and 20 days for combination of primary and waste activated dudge, or primary
dudge done. Where dudge temperature is lower than 50EF (10EC), additional detention time
should be considered.

74.3 Supernatant Separation

Facilities shdl be provided for separation and withdrawa of supernatant and for collection and
remova of scum and grease.

SLUDGE PUMPS AND PIPING
751 SLUDGE PUMPS
75.1.1 Duplicate Units

Duplicate units shal be provided where failure of one unit would serioudy hamper plant
operation.

75.1.2 Type

Plunger pumps, screw feed pumps, recessed impeller type centrifugal pumps, progressive cavity
pumps, or other types of pumps with demonstrated solids handling capability shall be provided
for handling raw dudge. Where centrifugd pumps are used, a pardld plunger-type pump
should be provided as an dternate to increase rdliability of centrifuga pump. Provision for
varying pump capacity is desirable.

75.1.3 Minimum Head

A minimum positive head of 24 inches (61cm) shal be provided at the suction side of
centrifugal- type pumps and is desirable for dl types of dudge pumps. Maximum suction lifts
should not exceed 10 feet (3.0m) for plunger pumps.
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75.1.4 Sampling Facilities
Unless dudge sampling facilities are otherwise provided, quick-dosing sampling vaves shdl be
ingtalled at the dudge pumps. The size of vave and piping should be at least 1.5 inches
(3.81cm).
Sampling facilities and flow metering should be provided on any discharge outfdl line.
75.2  SudgePiping

75.2.1 Sizeand Head

Sudge withdrawd piping should have aminimum diameter of 8 inches (20.3 cm) for gravity
withdrawa and 6 inches (15.2 cm) for pump suction and discharge lines. Where withdrawd is
by gravity, the available head on the discharge pipe should be adequate to provide at least 2 fps
(0.61 mys) velocity.

75.2.2 Sope
Gravity piping should belaid on uniform grade and dignment. The dope of gravity discharge
piping should not be less than 3%. Provisons should be made for deaning, draining, and
flushing discharge lines.

75.2.3 Supports

Specia consideration should be given to the corrosion resistance and continuing stability of
supporting systems located inside the digestion tank.

SLUDGE DEWATERING
76.1 SludgeDrying Beds
76.1.1 Area

In general, the sizing of the drying bed may be estimated on the basis of 2.0 ft%/capita

(0.19 nf/capita) when the drying bed is the primary method of dewatering, and 1.0ft%/capita
(0.09 nf/capita) if it isto be used as a backup dewatering unit. An increase of bed areaby
25% is recommended for paved beds.

76.1.2 Percolation Type

The lower course of gravel around the underdrains should be properly graded and should be 12
inches (30.5 cm) in depth, extending at least 6 inches (15.2 cm) above the top of the
underdrains. It isdesrable to place thisin two or more layers. Thetop layer of at least three
inches (7.6 cm) should consigt of gravel 1/8 inch to 1/4 inch (3.18 to 6.35 mm) insze. Artifica
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media beds are dso alowable.
76.1.2.1 Sand

The top course should consist of 6 to 9 inches (15.2 to 22.9 cm) of clean coarse sand. The
finished sand surface should be leve.

76.1.2.2 Underdrains
Underdrains should be pipe or drain tile at least 4 inches (10.2 cm) in diameter laid with open
joints. Underdrains should be spaced not more than 20 feet (6.1 m) apart. The disposal of the
underdrain filtrate is covered in Section 76.3.

76.1.3 Partially Paved Type

The partialy paved drying bed should be designed with consideration for space requirement to
operate mechanica equipment for removing the dried dudge.

76.1.4 Walls

Walls should be watertight and extend 15 to 18 inches (38 to 46 cm) above and &t least 6
inches (15 cm) below the surface. Outer walls should be curbed to prevent soil from washing
onto the beds.

76.1.5 Sludge Removal

No fewer than two beds should be provided and they should be arranged to fecilitate dudge
remova. Concrete truck tracks should be provided for al percolation-type dudge beds.

76.1.6 Sludge Influent

The dudge pipe to the drying beds should terminate a least 12 inches (30.5 cm) above the
surface and be so arranged that it will drain. Concrete splash plates for percolation-type beds
should be provided at dudge discharge points.

76.2 Mechanical Dewatering Facilities

The number of mechanica dewatering facilities should be sufficient to deweater the dudge
produced with one largest unit out of service. Unless other standby fecilities are available,
adequate storage facilities shal be provided. The storage capacity should be sufficient to handle
at least three-month dudge production.

76.2.1 Auxiliary Facilitiesfor Vacuum Filters

A back-up vacuum pump and filtrate pump shal beingdled for each vacuum filter. Itis
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permissible to have an uningtaled back-up vacuum pump or filtrate pump for every three or
fewer vacuum filters, provided thet the ingtaled unit can easily be removed and replaced. At
least one filter media replacement unit shal be provided.

76.2.2 Ventilation

Adequate fecilities shdl be provided for ventilation of dewatering area. For sewage dudges, the
exhaugt air should be properly conditioned to avoid odor nuisance.

76.2.3 Chemical Handling Enclosures

Lime-mixing facilities should be completely enclosed to prevent the escape of lime dust.
Chemica handling equipment should be automated to diminate the manud lifting requirement.

Polymer handling ( for drinking water dudges) - see Sections 47.1.2, 47.1.3, and 47.1.8.
76.3 Drainageand Filtrate Disposal

Drainage from beds of filtrate from dudge dewatering units shdl be returned to the sewage
treatment or dudge handling process at gppropriate points.

76.4 Other Dewatering Facilities

If it is proposed to dewater or dispose of dudge by other methods, a detailed description of the
process and design data shall accompany the plans in accordance with Section 43.2.

MUNICIPAL SLUDGE DISPOSAL ON LAND

Sludge to be gpplied to land must meet the requirement of 40 CFR 257 and 40 CFR 503,
induding trestment to provide PSRP (Process to Significantly Reduce Pathogens). Plans which
include land gpplication of dudge must be forwarded to the OPC Non-Hazardous Waste
Branch or EPD, as appropriate, for review.

SLUDGE LAGOONS

a Section 44.4 shal apply to dudge lagoons.

b. Sudge lagoons should not be used for high pH dudge.

C A dudge storage time of a least 10 yearsis recommended. Shorter times may be
approved, but aplan for ultimate dudge disposa shal be presented in either case.

d. There shdl be no discharge of dudge lagoon supernatant to the environment. Al
supernatant shall be discharged to the WWTP upstream of the mgjor biological
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treatment process.

e For sawage dudges, provisons must be made to prevent odors. Aeration is
recommended.

79. OTHER SLUDGE DISPOSAL METHODS

When other dudge, disposal methods, such asincineraion or landfill are considered, pertinent
requirements from the Department shal be followed.
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CHAPTER 80
BIOLOGICAL TREATMENT

81. TRICKLING FILTERS
811 Genera

Trickling filters shal be preceded by effective settling tanks equipped with scum and greese
callecting devices, or other suitable pretreatment facilities.

81.2 Hydraulics
81.2.1 Digribution
81211 Uniformity

The sawage may be distributed over the filter by rotary distributors or other suitable devices
which will ensure uniform distribution to the surface area.

81.2.1.2 Head Requirements
For reaction type didributors, aminimum head of 24 inches (61 cm) between low water leve in
the siphon chamber and center of the armsisrequired. Similar dlowancein design shall be
provided for added pumping head requirements where pumping to the reaction type distributor
isused.

81.2.1.3 Clearance

A minimum dearance of 6 inches (15 cm) between mediaand distributor arms shadl be
provided. Gresater clearanceis essentid whereicing may occur.

81.2.2 Dosing

Sewage may be applied to the filters by siphons, pumps or by gravity discharge from preceding
treatment units when suitable flow characteristics have been developed. Application of the
sawage shdl be practicaly continuous. The piping system shdl be designed for recirculaion

81.2.3 Loading Rates

Hydraulic loading rates for trickling filters shall range from 25-100 gpd/ft? for low-ratefilters,
100-1000 gpd/ft? for high rate filters, and 700-3000 gpd/ft? for roughing filters.

Organic (BODs) loading rates shall range from 5-25 |b/d/1000 ft* for low- rate filters, 25-100
Ib/d/1000 ft2 for high-rate filters, and may exceed 100 lbs/day/1000 ft® for roughing filters

81.2.4 Piping System
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The piping system, including dosing equipment and distributor, shal be designed to provide
capacity for the peak hourly flow rate, including recirculation required under Section 81.5.5.

813 Media
81.3.1 Quality

The mediamay be crushed rock, dag, or specialy manufactured materid. The mediashal be
durable, resstant to spdling or flaking and rdlatively insoluble in sewage. Thetop 18 inches
(46 cm) should have aloss by the 20-cycle, sodium sulfate soundness test of not more than
10%, as prescribed by ASCE Manud of Engineering Practice, Number 13. The bdance
should pass a 10-cycle test using the same criteria. Slag mediashall be free from iron.
Manufactured media shal be resistant to ultraviolet degradation, disintegration, erosion, aging,
al common acids and akalies, organic compounds, and fungus and biological attack. Such
mediashdl be structuraly capable of supporting a man's weight or a suitable access walkway
shal be provided to dlow for distributor maintenance.

81.3.2 Depth

Rock and/or dag filter media shdl have a minimum depth of 5 feet (1.5m) above the
underdrains. Manufactured filter media should have a minimum depth of 10 feet (3 m) to
provide adequate contact time with the wastewater. Rock and/or dag filter media depths shdl
not exceed 10 feet (3 m) and manufactured filter media depths shall not exceed 30 feet (9.1 m)
except where specid condruction is judtified through extengive pilot Sudies.

81.3.3 Size and Grading of Media
81.33.1 Rock, Slag and Similar Media
Rock, dag and similar media shal not contain more than 5% by weight of pieces whose longest
dimenson isthree timesthe least dimension. It shal be free from thin, eongated and flat pieces,

dugt, day, sand or fine materid and shall conform to the following size and grading when
mechanicaly graded over vibrating screen with square openings:

Passing 4 2 inch (11.4 cm) screen - 100% by weight

Retained on 3 inch (7.6 cm) screen - 95-100% by weight

Passing 2 inch (5.1 cm) screen - 0-2% by weight

Passing 1 inch (2.5 cm) screen - 0-1% by weight
81.3.3.2 M anufactured Media

Suitability will be evauated on the basis of experience with ingtalations handling smilar wastes
and loadings in accordance with Section 43.2.
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81.3.3.3 Handling and Placing of Media

Materid delivered to the filter Ste shall be stored on wood- planked or other approved clean,
hard-surfaced areas. All materia shall be rehandled at the filter Site and not materia shall be
dumped directly into thefilter. Crushed rock, dag and smilar media shal be placed by hand to
adepth of 12 inches (30 cm) above thetitle underdrains. The remainder of materia may be
placed by means of belt conveyors or equaly effective methods approved by the engineer. All
material shal be carefully placed so as not to damage the underdrains. Manufactured media
shall be handled and placed as approved by the manufacturer. Trucks, tractors, and other
heavy equipment shdl not be driven over thefilter during or after congtruction.

814 Underdrainage System
81.4.1 Arrangement

Underdrains with semicircular inverts or equivaent should be provided and the underdrainage
system shdl cover the entire floor of thefilter. Inlet openingsinto the underdrains shall have an
unsubmerged gross combined area equal to at least 15% of the surface area of thefilter.

81.4.2 Hydraulic Capacity and Ventilation

The underdrains shdl have aminimum dope of 1%. Effluent channels shdl be designed to
produce aminimum velocity of 2 fps (0.61 m/s) a average daily rates of gpplication to thefilter
including recirculated flows.

The underdrainage system, effluent channels, and effluent pipe shal be designed to permit free
passage of ar. The size of drains, channels, and pipe should be such that not more than 50% of
their cross-sectional areawill be submerged under the design pesk hydraulic loading, including
proposed or possible future recirculated flows. Consideration shdl be given to the use of
forced ventilation, particularly for covered filters and degp manufactured mediafilters.

81.4.3 Flushing
Provision should be made for flushing the underdrains. In small filters, use of periphera heed
channd with verticd ventsis acceptable for flushing purposes. Inspection facilities should be
provided.
815 Special Features

81.5.1 Flooding
Appropriate valves, duice gates, or other structures shal be provided to enable flooding of
filters comprised of rock or dag mediafor filter fly control.

81.5.2 Freeboard
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A freeboard of 4 feet (1.2 m) or more should be provided for tall, manufactured media filters to
maximize the containment of windblown spray. Otherwise, the freeboard shdl be a least 18
inches. Indl cases, the freeboard should rise above the top of the distribution arms.

81.5.3 Maintenance

All digtribution devices, underdrains, channels and pipes shdl beingalled so that they may be
properly maintained, flushed or drained.

81.5.4 Winter Protection
Adequate protection such as covers (in severe climate) or windbreaks (in moderate climate)
shall be provided to maintain operation and treatment efficiencies when climatic conditions are
expected to result in problems due to cold temperatures.

81.5.5 Recirculation
The piping system shal be designed for recirculation as required to achieve the design efficiency.
The recirculation rate shal be variable and subject to plant operator control. The recirculation
ratio (R/Q) should be between 0.4 and 4.0. At least two (2) recirculation pumps shdl be
provided.

81.5.6 Recirculation M easur ement
Devices shdl be provided to permit measurement of the recirculetion rate. Time lgpse meters
and pump head recording devices are acceptable for facilities tregting less than 1 MGD
(3785 nv/d).
81.6 Rotary Distributor Seals
Mercury seds shal not be used. Ease of sed replacement shal be considered in the design to
ensure continuity of operation.
817 Multi-Stage Filters
The foregoing standards also gpply to multi- sagefilters.
81.8 Unit Sizing
Required volumes of nediafilters shal be based upon pilot testing in accordance with Section
43.2 with the particular wastewater and media or any of the various empirica design equations

that have been verified through actud full scale experience.
819 Design Safety Factors

SRFLF40 90 February 1, 1999



82.

SRFLF40

Trickling filters are affected by diurnd load conditions. The volume of media determined from
ether pilot plant studies or use of acceptable design equations shal be based upon the design
pesk hourly organic loading rate rather than the averagerate. An dternativeisflow
equdization.

ACTIVATED SLUDGE
821 Flexibility

All designs shall provide for flexibility in operation. Plants over 1 MGD (3785 n/d) shall be
designed to facilitate easy conversion to various operation modes.

82.2 Pretreatment

Where primary settling tanks are not used, effective remova or exclusion of grit, debris,
excessve ail or grease, and grinding/shredding or screening of solids should be accomplished
prior to the activated dudge process. Grit remova and grinding/shredding are not required with
SDG or STEP collection systems.

Where primary settling is used, provision shal be made for discharging raw sawage directly to
the aeration tanks to facilitate plant start-up and operation during theinitid stages of the plant's
design life

823 Aeration
82.3.1 Capacitiesand Permissible L oadings

Cdculations should be submitted to justify the basisfor design of aeration tank capacity.
Cdculaions usng vaues differing subgtantialy from those in the accompanying table should
reference actua operationa plants. Mixed liquor suspended solids levels grester than 5000
mg/1 may be alowed, providing adequate data is submitted showing the aeration and
clarification system capable of supporting such leves.

When process design calculations are not submitted, the aeration tank capacities and
permissible loadings for the severa adaptations of the processes shown in the following table
shdl be used; dternatively, the ranges given in Metcalf and Eddy or WPCF MOP 8 may be
used. These vaues gpply to plants receiving pesk to average diurna load ratios ranging from
about 2:1to 4:1. Thus, the utilization of flow equaization facilities to reduce the diurnd pesk
organic load may be considered by the appropriate reviewing agency asjustification to approve
organic loading rates that exceed those specified in the table.
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Permissible Aeration Tank Capacities and Loadings

Aeration Tank Organic FM Rdio

Loading - 1b. BODs/day Ib. BODs/day MLSS+
Process per 1000 ft* per Ib. MLVSS mg/liter
Conventiond
Step Aeration 40 0.2-05 1000-3000
Complete Mix
Contact Stahilization 50++ 0.2-0.6 1000-3000
Extended Aeration
Oxidation Ditch 15 0.05-0.1 3000- 5000

+MLSS vaues are dependent upon the surface area provided for sedimentation and the rate of
dudge return as well as the aeration process.

++Totd aeration capacity, includes both contact and reseration capacities. Normaly the
contact zone equas 30% to 35% of the totd aeration capacity.

82.3.2 Arrangement of Aeration Tanks

82321 General Tank Configuration
a Dimensons
The dimensions of each independent mixed liquor aeration tank or return dudge reseration tank
shdl be such asto maintain effective mixing and utilization of ar. Ordinarily, liquid depths
should not be less than 10 feet (3 m) or more than 30 feet (9 m) except in special design cases.
b. Short-dircuiting

The shape of the tank and the ingtalation of aeration egquipment should provide for postive
control of short-circuiting through the tank.

82.3.2.2 Number of Units

Totd aeration tank volume should be divided anong two or more units, capable of independent
operation.

SRFLF40 92 February 1, 1999



SRFLF40

82.3.2.3 Inlets and Outlets
a Controls

Inlets and outlets for each aeration tank unit shal be suitably equipped with valves, gates, stop
plates, weirs, or other devices to permit flow control to any unit and to maintain a reasonably
congtant liquid level. The hydraulic properties of the system shdl permit the maximum
instantaneous hydraulic load to be carried with any single aeration tank unit out of service.

b. Conduits

Channels and pipes carrying liquids with solids in suspension shall be designed to maintain
sf-deansing velocities or shal be agitated to keep such solids in suspension at dl rates of flow
within the design limits. Adequate provisions should be made to drain segments of channels
which are not being used due to dternate flow patterns.

82.3.24 Freeboard

All aeration tanks shall have afregboard of not less than 18 inches (46 cm). Additiona
freeboard or windbreak may be necessary to protect againgt freezing or windblown spray.

82.3.3 Aeration Equipment
82331 General

Aeration equipment shal be cgpable of maintaining aminimum of 2.0 mg/1 of dissolved oxygen
in the mixed liquor at dl times and providing thorough mixing of the mixed liquor. Inthe
absence of experimentaly determined va ues, the design oxygen requirements for dl activated
dudge processes should be at least 1.1 Ib O,/Ib. peak BODs applied to the aeration tanks
(1.1kg O./kg peak BODs), with the exception of the extended aeration process, for which the
value should be at least 1.5.

In the case of nitrification, the oxygen requirement for oxidizing ammonia must be added to the
above requirement for carbonaceous BOD removal. The nitrogen oxygen demand (NOD)
should be taken as 4.6 times the diurna peak TKN content of the influent. Also, the oxygen
demands due to recycle flows - heat trestment supernatant, vacuum filtrate, elutriates, etc. -
must be considered due to high concentrations of BOD and TKN associated with such flows.

Unlessflow equdization is provided, the aeration system should be designed to match the
diurnd organic load variation while economizing on power input.
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82332 Diffused Air Systems

The design of diffused air system to provide the oxygen requirements shal be done by either of
the two methods described below in () and (b), augmented as required by consideration of
items (c) through (K):

a

Having determined the oxygen requirements per Section 82.3.3.1, air requirements for a
diffused air system shdl be determined by use of any of the well known equations
incorporating such factors as.

Tank depth;

Alphafactor of waste;

Beta factor of waste;

Certified aeration device trandfer efficiency;

Minimum aeration tank dissolved oxygen concentrations;
Critica wastewater temperature; and

Altitude of plant.

NOo arwWD PR

In the absence of experimentaly determined dpha and beta factors, wastewater transfer
efficiency shdl be assumed to be 50% of clean water efficiency for plants treating
primarily (90% or greater) domestic sewage. Treatment plants where the waste
contains higher percentages of industrial wastes shdl use a correspondingly lower
percentage of clean water efficiency and shdl have cdculations submitted to judtify such
apercentage.

Normdl air requirements for al activated dudge processes except extended aeration
(assuming equipment capable of transmitting to the mixed liquor the amount of oxygen
required in Section 82.3.3.1) shall be considered to be 1500 ft*/Ib BODs peak aeration
tank loading (93.5 m/kg BODs). For the extended aeration process the vaue shall be
2050 ft® (125 ).

Totheair requirements calculated above shdl be added air required for channds,
pumps, aerobic digesters, or other air-use demand.

The specified capacity of blowers or air compressors, particularly centrifuga blowers,
should take into account that the air intake temperature may reach 40EC (104EF) or
higher and the pressure may be less than normad. The specified cgpacity of the motor
drive should dso take into account that the intake air may be -18EC (OEF) or less and
may require oversizing of the motor or ameans of reducing the rate of air delivery to
prevent overheating or damage to the motor.

The blowers shdl be provided in multiple units, so arranged and in such capacities as to
meet the maximum air demand with the single largest unit out of service. The design
shdl dso provide for varying the volume of ar delivered in proportion to the load
demand of the plant. Aeration equipment shdl be easily adjustable in increments and
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shdll maintain solids sugpension within these limits.

f. Diffuser systems shdl be cgpable of providing for the diurna pesk oxygen demand of
200% of the design average oxygen demand, whichever islarger. Theair diffusion
piping and diffuser system should be capable of delivering norma air requirements with
minimdl friction losses.

¢ Air piping systems should be designed such that total head loss from blower outlet (or
silencer outlet where used) to the diffuser inlet does not exceed 0.5 psi (0.04 kgf/cnt)
a average operating conditions.

h The spacing of diffusers should be in accordance with the oxygen requirements through
the length of the channd or tank, and should be designed to facilitate adjustment of their
spacing without major revision to air header piping.

i. All plants employing fewer than four independert agration tanks shal be designed to
incorporate removable diffusers that can be serviced and/or replaced without
dewatering the tank.

I Individua assembly units of diffusers shal be equipped with control valves, preferably
with indicator markings for throttling, or for complete shutoff. Diffusersin any single
assembly shdl have subgtantialy uniform pressureloss.

k. Air filters shdl be provided in numbers, arrangements, and capacitiesto furnish a all
times an ar supply sufficiently free from dust to prevent damage to blowers and clogging
of the diffuser system used.

82333 M echanical Aeration Systems

a Oxygen Transfer Performance

The mechanism and drive unit shal be designed for the expected conditions in the aerationtank

in terms of the power performance. Certified testing shall verify mechanical aerator

performance.

b. Design Requirements

The design requirements of amechanica aeration system shal accomplish the following:

1 Maintain aminimum of 2.0 mg/1 of dissolved oxygen in the mixed liquor at al times
throughout the tank or basin;

2. Maintain al biologica solid in suspension;

3. Meet maximum oxygen demand and maintain process performance with the largest unit
out of sarvice; and
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4, Provide for varying the amount of oxygen transferred in proportion to the load demand
on the plant.

824 Return Sudge Equipment
82.4.1 Return Sludge Rate

The rate of dudge return expressed as a percentage of the design average flow of sewage
should generdly be variable between the limits st forth as follows:

% DAF

Minimum Maximum
Standard Rate 15 I6)
Carbonaceous Stage of 15 75
Separate Stage Nitrification
Step Aeration 15 75
Contact Stabilization 50 150
Extended Aeration 50 150
Nitrification Stage of 50 200
Separate Stage Nitrification

Therate of dudge return shall be varigble to pump dudge at the above rates.

82.4.2 Return Sludge Pumps

If motor driven return dudge pumps are used, the maximum return dudge capecity shal be
obtained with the largest pump out of service. A positive head should be provided on pump
suctions. Pumps should have at least 3 inch (7.6 cm) suction and discharge openings.

If air ifts are used for returning dudge from each settling tank hopper, no standby unit will be
required provided the design of the air lifts are such to facilitate their rapid and easy cleaning and
provided other suitable standby measures are provided. Air lifts should be at least 3 inches

(7.6 cm) in diameter.

82.4.3 Return Sudge Piping

Discharge piping should be a least 6 inches (15.2 cm) in diameter and should be designed to
maintain aveocity of not lessthan 2 fps (0.61 m/s) when return dudge facilities are operating a
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normal return dudgerates. Suitable devices for observing, messuring, sampling and controlling
return activated dudge flow from each settling tank hopper shall be provided, asoutlined in
Section 63.2.3.

82.4.4 Wagte Sudge Facilities
Waste dudge control facilities should have a maximum capecity of not less than 25% of the
average rate of sewage flow and function satisfactorily at rates of 0.5% of average sewage flow
or aminimum of 10 gpm (0.63 1/s), whichever islarger. Meansfor observing, measuring,
sampling, and controlling waste activated dudge flow shall be provided. Waste dudge may be
discharged to the concentration or thickening tank, primary settling tank, dudge digestion tank,
vacuum filters, or any practica combination of these units.
ROTATING BIOLOGICAL CONTACTORS
831 Genera

Design standards, operating data and experience for the Rotating Biologica Contactor (RBC)
process are not well established. Therefore, expected performance of RBCs shal be based
upon experience at smilar full scale indalations or thoroughly documented pilot testing with the
particular wastewater.

83.2 Required Pretreatment

RBCs must be preceded by effective settling tanks equipped with scum and grease collecting
devices unless substantial judtification is submitted for other pretrestment devices which provide
for effective remova of grits, debris, and excessive ail or grease prior to the RBC units. Bar
screening/grinding/shredding are not suitable as the sole means of pretreatment.

83.3 Unit Szing

Unit szing shall be based on experience a similar full-scale ingtalations or thoroughly
documented pilot testing with the particular wastewater. In determining design loading rates,
expressed in units of volume per day per unit area of media covered by biologica growth, the
following parameters must be considered:

a Design flow rate and influent waste strength;

b. Percentage of BOD to be removed;

C Mediaarrangement, including number of stages and unit arealin each stage;

d. Rotationd velocity of the media;

e Retention time within the tank containing the media;
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f. Wagtewater temperature; and

o] Percentage of influent BOD which is soluble.

In addition to the above parameters, loading rates for nitrification will depend upon influent total
kjeldahl nitrogen (TKN), pH, and the dlowable effluent ammonia nitrogen concentration.

834 Design Safety Factor

Effluent concentrations of ammonia nitrogen from the RBC process designed for nitrification are
affected by diurna load variations. Therefore, it may be necessary to increase the design
surface area proportiond to the ammonia nitrogen diurna pesking rates to meet effluent

limitations. An dternativeisto provide flow equdization sufficient to insure process
performance within the required effluent limitations.
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CHAPTER 90
DISINFECTION

FORMSOF DISINFECTION

Chlorine isthe most commonly used chemica for wastewater disinfection. The forms most
often used are liquid (gas) chlorine, solid powdered calcium hypochlorite and liquid sodium
hypochlorite. Moigt chlorine gasis very corrosive, an irritant, causes blistering, and will support
combustion. Cacium hypochloriteis a corrosive and rapid oxidant, unstable and combustible.

It may react explosively with common substances, suich as petroleum products. It istypicaly
used in strengths of 60% to 65%. It may emit chlorine gas. Sodium hypochlorite is an unstable
corrosive, typicaly used in srengths of 53% to 15%. It may dso emit chlorine gas. Other
disnfectants, including chlorine dioxide, ozone, bromine, or ultraviolet disinfection may be
accepted by the Department in individua cases. If chlorination is utilized, it may be necessary to
dechlorinatein order to meat the effluent permit limits.

FEED EQUIPMENT

921 Type

Solution feed vacuum-type chlorinators are generaly preferred for large chlorination
ingdlations. The use of tablet chlorinators may be considered and are generdly preferred when
disnfection at amdler facilitiesisrequired. The preferred method of generation of chlorine
dioxideistheinjection of asodium hypochlorite solution into the discharge line of a
solution-feed gas type chlorinator.

Ozone dissolution is accomplished through the use of conventiona gas diffusion equipment, with
gppropriate condderation of materids. 1f ozoneis being produced from air, rather than oxygen,
gas preparation equipment (driers, filters, compressors) is required.

92.2 Capacity

For norma domestic sewage, the following may be used as guide in sizing chlorination facilities.

Type of Tregtment Dosage

Trickling filter plant effluent 10 mg/1
Activated dudge plant effluent 8mg/1
Tetiary filtration effluent 6 mg/l
Nitrified effluent 6 mg/1

923 Sandby Equipment and Spare Parts

Standby equipment of sufficient cgpacity should be available to replace the largest unit during
shutdowns. Spare parts shdl be available for dl disinfection equipment to replace parts which
are subject to wear and breakage.
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924 Water Supply

An ample supply of water shall be available for operating the chlorinator. Where a booster
pump is required, duplicate equipment should be provided, and, when necessary, standby
power aswell. Protection of a potable supply shal conform to the requirements of Section
46.2.

CHLORINE SUPPLY
93.1 Containers

The use of ton containers should be considered where the average daily chlorine consumption is
over 150 pounds (68 kg).

Indl cases, dl chlorine bottles or containers shal aways be properly chained or secured and
supported to prevent movement, accidents, and leaks.

932 Tank Cars

At large chlorination ingalations, consideration should be given to the use of tank cars, generaly
accompanied by evaporators. Liquid chlorine linesfrom tank carsto evaporators shal be
buried and ingtdled in a conduit and shall not enter below-grade spaces. Systems shdll be
designed for the shortest possible pipe transportation of liquid chlorine.

93.3 Scales

Scales for weighing cylinders shdll be provided at al plantsusing chlorinegas. At large plants,
scales of theindicating and recording type are recommended. At least aplatform scae shdl be
provided. Scalesshdl be of corrosion resstant materid.

934 Evaporators

Where manifolding of severd cylinders or ton containers will be required to eveporate sufficient
chlorine, consderation should be given to the ingtalation of evaporators to produce the quantity
of gasrequired.

935 Leak Detection and Controlsfor Gas Systems

A bottle of 56% ammonium hydroxide solution shal be available for detecting chlorine leaks.
Where ton containers or tank cars are used, aleak repair kit approved by the Chlorine Ingtitute
shall be provided. Consideration should be given to the provision of caustic soda solution
reaction tanks for absorbing the contents of leaking containers. At large chlorination
instalations, consideration should be given to the instdlation of autometic gas detection and
related dlarm equipment. For ozone ingtalations, smilar purpose equipment shall be provided.
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OZONE GENERATION

Ozone may be produced from either an air or an oxygen gas source. Generaion units shal be
automaticaly controlled to adjust ozone production to meet disinfection requirements.

PIPING AND CONNECTIONS

Piping systems should be as smple as possible, specifically selected and manufactured to be
suitablefor corrosive chlorine or ozone service. Piping should be well supported and protected
againgt temperature extremes.

All lines designed to handle dry chlorine shall be protected from the entrance of water or air
containing water. Low pressure lines made of hard rubber, sarartlined, rubber-lined,
polyethylene, polyvinyl chloride (PVC), or Uscolite materias are satisfactory for wet chlorine or
aqueous solutions of chlorine.

For ozonation systems, copper or duminum aloys should be avoided. Only meterids at least as
corrosion-resistant to ozone as Grade 304 L stainless sted should be specified for piping
containing ozone in nonsubmerged agpplications. Unpladticized PVC, Type |, may beusad in
submerged piping, provided the gas temperature is below 140EF (60EC) and the gas pressure
islow.

HOUSING
96.1 Separation

If gas chlorination equipment, chlorine cylinders or 0zone generation equipment areto beina
building used for other purposes, a gas-tight room shall separate this equipment fromany other
portion of the building. Foor drains from the chlorine room shal not be connected to floor
drains from other rooms. Doorsto this room shal open only to the outside of the building, and
shall be equipped with panic hardware. Such rooms shall be a ground leve, and should permit
easy accessto dl equipment. Storage area should be separated from the feed area.
Chlorination equipment should be Stuated as closed to the application point as reesonably
posshle

96.2 Inspection Window

A dear glass, gas-tight, window shal beingtaled in an exterior door or interior wall of the
chlorinator or ozone generator room to permit the units to be viewed without entering the room.

96.3 Heat

Rooms containing disinfection equipment shal be provided with a means of heating so thet a
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temperature of at least 60EF (16EC) can be maintained. The room should be protected from
excesshegt. Cylinders shdl be kept at essentialy room temperature. The room containing the
0zone generation units shal be maintained above 3EF (2EC) at dl times.

96.4 Ventilation

With chlorination systems, forced mechanica ventilation shal be ingtaled which will provide one
complete air change per minute when the room is occupied. For ozonation systems, continuous
ventilation to provide a least 6 complete air changes per hour should beingaled. The entrance
to the air exhaust duct from the room shdl be near the floor and the point of discharge shdl be
50 located as not to contaminate the air inlet to any buildings or inhabited arees. Air inlets shall
be so located as to provide cross ventilation with air and at such temperature that will not
adversdly affect the chlorination or 0zone generation equipment. The vent hose from the
chlorinator shal discharge to the outside atmosphere above grade.

96.5 Electrical Controls

Switches for fans and lights shall be outside of the room at the entrance. A labeled signd light
indicating fan operation should be provided at each entrance, if the fan can be controlled from
more than one point.

RESPIRATORY PROTECTION

Respiratory air-pac protection equipment, meeting the requirements of the Nationa Indtitute for
Occupationa Safety and Hedlth (NIOSH), shdll be available where chlorine gasis handled, and
shall be stored at a convenient location, but not inside any roam where chlorine is used or
gored. Ingtructions for using the equipment shal be posted. The units shal use compressed air,
have at least 30-minute capacity, and be compatible with the units used by the fire department
responsible for the plant.

APPLICATION OF CHLORINE OR OZONE

98.1 Mixing

The disnfectant shal be postively mixed as rapidly as possible, with a complete mix being
effected in 3 seconds. This may be accomplished by the use of turbulent flow regime, a
mechanica flash mixer, or diffused post-aeration.

98.2 Contact Period

For achlorination system, aminimum contact period of 15 minutes a pesk hourly flow or
maximum rate of pumpage shal be provided after thorough mixing. If dechlorination is required,
no contact time is necessary after complete mixing (30 seconds, minimum) of the effluent with
the chemica. The required contact time for an ozonation unit varies with the type of dissolving
equipment used.
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98.3 Contact Tank

The chlorine or ozone contact tank shall be congtructed so as to reduce short-circuiting of flow
to apracticd minimum. "Over-and-under” or "around-end" baffling shdl be provided to
minimize short-circuiting.

The tank should be designed to facilitate maintenance and cleaning without reducing
effectiveness of disinfection. Duplicate tanks, mechanica scrapers, or portable deck-leve
vacuum cleaning equipment shall be provided. Covered tanks are discouraged.

99. EVALUATION OF EFFECTIVENESS

99.1 Sampling

Facilities shdl be included for sampling the disinfected effluent after contact. Inlarge
ingtalations, or where stream conditions warrant, provision should be made for continuous
monitoring of effluent residual.

99.2 Tegingand Control

Equipment shdl be provided for measuring chlorine residua using accepted test procedures.
Theingdlation of demondrated effective facilities for automatic chlorine resduad andyss,
recording and proportioning systems should be consdered at dl ingtdlations.

PA. DECHLORINATION

Dechlorination may be accomplished using sulfur dioxide (SO,) or other chemicals.

There must be no possibility of contact between chlorine gas and sulfur dioxide gas.

The housing requirements are generdly the same as the chlorine (Section 96). The
dechlorination system should be in a separate building from the chlorination sysem. If inthe
same building, the chlorination and dechlorination systems shall be in separate gas-tight rooms.
If any valves, fittings, pressure gauges, etc. will fit both the chlorinetion and dechloringtion
systems, they shadl be color coded to prevent cross connections. Preferably, fittings, gauges,
etc. will be sized or reverse threaded such that cross connections are impossible.
Respiratory equipment shal be available as described in Section 97.

Facilities that dechlorinate shall post-aerate as described in Section 115.

99B. ULTRAVIOLET DISINFECTION

99B.1 Introduction
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Ultraviolet light can effectively disinfect wastewater whi ch has low suspended solids leve.
Ultraviolet light shal not be used to disinfect wastewater which has a suspended solids level
higher than 30 mg/1 and should not be usad to disinfect wasteweater which has a suspended
solidsleve higher than 15 mg/l.
PB.2 References
Ultraviolet disnfection systems shal be designed according to:
a Weastewater Disinfection (1986)

Water Pollution Control Federation Manud of Practice FD-10.
b. Municipa Wastewater Disinfection (1986) EPA/625/1-86-021

C Other appropriate references.
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CHAPTER 100
WASTEWATER TREATMENT PONDS (LAGOONYS)

GENERAL

This Chapter deds with generdly used variations of trestment ponds to achieve secondary
trestment including controlled-discharge, flow-through and aerated pond systems.

SUPPLEMENT TO ENGINEER'SREPORT
The engineer's report shall contain pertinent information on location, geology, soil conditions,
areafor expansion and any other factors that will affect the feasibility and acceptability of the
proposed project. The following information must be submitted in addition to that required in
Chapter 10.
101.1 Supplementary Field Survey Data

101.1.1 L ocation of Nearby Facilities

Thelocation and direction of all residentiad areas, commercid developments, parks, and
recregtiona areas shal be included in the engineer's report.

101.1.2 Site Description
A description, including maps showing eevations and contours of the Site and adjacent area
shl be provided. Due consideration shall be given to additional trestment units and/or
increased waste loadings in determining land requirements.

101.1.3 Location of Field Tile

The location, depth, and discharge point of any field tile in the immediate area of the proposed
steshdl beidentified.

101.1.4 Soil/Groundwater Study
Considering the leakage requirement set forth in Section 104.2.2.1, a soil/groundwater
evauation must be included for newly congtructed facilities and additions to such facilities
dready in place. Thisdoes not gpply to basins formed with fiberglass, concrete, etc., nor to
exigting earthen facilities not being enlarged or deepened.
101.1.4.1 Liner Proposed

Where aliner such as bentonite or synthetic materid is proposed to meet the leekage limit, the
soil/groundwater study may be limited to the following:
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a A generd review of the loca geology, hydrology, and current and potentia groundwater
resources, including information from published literature (soil maps and cross sections,
etc.) and applicable files and databases at the USGS and the DEQ.

b. A brief description of the proposed liner (materid type, thickness, hydraulic
conductivity, etc.).

C A gtatement that with the proposed liner the leakage limit will not be exceeded.
101.1.4.2 Liner Determined Unnecessary

Where aliner is determined in the report to be unnecessary to meet the leakage limit due to the
characterigtics of in-Situ materid, the soil/groundwater sudy must include the following;

a Theinformation listed in Section 101.1.4.1.a

b. A USGS topographic map (1:24,000 scale) with the project site and a one mile radius
area of review denoted. Thelocation and depth of al recorded water wells within the
area of review must be shown. An effort must be made to determine if residences
within the area of review have private wells that may not be listed on inventories
maintained at the Office of Land and Water Resources (OLWR) or the USGS.

o] Sail borings of sufficient depth and number to characterize the soil/groundwater
conditions below the planned excavation and to demondirate that an in-situ competent
liner is present. These borings must be continuous and extend to a depth of 25 feet
below the bottom of the impoundment. Permesbility tests (either lab or field) must be
conducted on undisturbed samples taken from the interval that will serve asthe natura
liner. ASTM procedures or acceptable similar methods should be followed for all tests.

The table be ow speifies the minimumnumber of borings and permegbility tests based
onimpoundment size.

Impoundment Acreage Minmum#Borings  Minimum # Perm. Tedts
<10 5 3
>10t0 20 7 4
>20to0 30 10 5
>30 15 7

If ashdlow aguifer is encountered, groundweter levels from at leest 3 temporary piezometers
must be monitored to determine flow direction and rate.

Boring logs and cross- sections showing thickness, laterd continuity, and lithology should be
submitted as part of the study.

d. Wl drillers logs (available from OLWR) and geophysica logs (available from the
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USGS and the Office of Geology) for the water wells within the one-mile radius area of
review. Information to be included with the logs are identification number, location,
date drilled, depth, use, pumping rate, casing Size and screen length.

e A gatement that given the documented conditions the leskage limit will not be
exceeded.

102. LOCATION

102.1 Surface Runoff

Location of pondsin watersheds receiving significant amounts of stormwater runoff is
discouraged. Adequate provision must be made to divert sormwater runoff around the ponds
and protect pond embankments from erosion.

102.2 Hydrology

Congtruction of pondsin close proximity to water supplies and other facilities subject to
contamination should be avoided. A minimum separation of 4 feet (1.2 m) between the bottom
of the pond and the maximum groundwater devation should be maintained.

102.3 Geology

A minimum separation of 10 feet (3.0 m) between the pond bottom and any bedrock formation
is recommended.

103. BASISOF DESIGN

The maximum size of alagoon cdll should be 40 acres.

When there are multiple cdlls, the piping should dlow individua cdlsto be isolated.

103.1 Facultative Lagoon

The system shdl be designed with & leest two cdllsin series Thefirst cdll shal be loaded no
heavier than 40 Ib BODs/ac/d. The overdl loading shdl be no heavier than 30 Ib BODs/ac/d.
Loadings shal be determined using the surface area a the 4 foot operating depth.

The minimum detention time shdl be 30 days overal &t the 4 foot operating depth.
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103.2 Aerated Lagoon
103.2.1 Partially Mixed Aerated L agoon
The minimum detention time of the aerated cell shdl be 18 days.

There shdl be a sttling area with aminimum deterttion time of 1 day. A separate settling cdll is
preferred. The settling areamay be a quiescent portion of the aerated cdll, in which case the
total detention time must be at least 19 days.

For mechanica aerators, aminimum aeration capacity of 8 hp per MG of aeration pond volume
(at the 4 foot depth) should be provided. This capacity isintended to provide oxygen for BOD
converson and a reasonable amount of energy for mixing. Wastewater that is stronger than
domestic wastewater may require more aeration capecity.

If less agration capacity is provided, the aerators shdl be able to continuoudy maintain a
minimum DO leve of 2mg/1 in the top two feet of water and in the effluent.

103.2.2 Completely Mixed Aerated Lagoon

The aerators shdl be able to completely mix the lagoon contents and to continuoudy maintain a
minimum DO levd of 2 mg/1indl parts of the lagoon and in the effluent.

A settling areamust be provided. Either a separate settling cell with a1 day detention time or a
darifier designed according to Chapter 60 may be used.

If the settling areawill be a portion of the aerated cell, it must be separated with a baffle.
103.3 Hydrograph Controlled Release Lagoon

The trestment portion of a hydrograph controlled release (HCR) lagoon system may be (a) a
lagoon designed according to Section 103.1 or 103.2, (b) asingle-cell facultative lagoon loaded
no heavier than 30 Ib BODs/ac/d, or (c) other methods for producing secondary effluent. The
required storage time shdl be determined by using procedures approved by the Water Quality
Monitoring Branch of the OPC, the minimum storage time shall be 90 days. Detention timein
the trestment portion of the system shall not be counted toward the detention in the storage
portion. Single-cell HCR systems are not dlowed.

103.4 Anaerobic Lagoon
Aneerobic lagoons may be used as pretreatment for high strength wastewaters with enough
oil/grease to form a scum cover. Anaerobic lagoons shal not be used for typical domestic

wastewater unlessthere is some positive method of providing acover or sedl.

The lagoon shall be designed so that a complete scum cover can be maintained. The surface
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areashould be relatively small to prevent breakup of the cover by wind. Anaerobic lagoons
shdll nat be used where the influent flow fluctuates widdly.

Loading should be 175 to 2000 |b BODs/ac/d.
The minimum detention time should be 20 days.
1035 Pretreatment Lagoon

Positive odor control methods (such as agration) should be included if the loading will exceed
50 Ib BODs/ac/d.

103.6 Pond Shape
The shape of dl cdls should be such that there are no narrow or elongated portions. Round,
square, or rectangular ponds with alength not exceeding three times the width are considered
most desirable. No idands, peninsulas or coves shall be permitted. Dikes should be rounded at
corners to minimize accumulaions of floating materids. Common-wall dike construction,
wherever possible, is strongly encouraged.
104. POND CONSTRUCTION DETAILS
104.1 Embankments and Dikes
104.1.1 Material
Dikes shdl be congtructed of sructurdly stable relatively impervious materid and compacted to
at least 90% Standard Proctor Dendity to form a stable structure. Vegetation and other
unsuitable materials shall be removed from the areawhere the embankment is to be placed.
104.1.2 Top Width
The minimum dike width shall be 8 ft (2.4 m) to dlow access by maintenance vehicles.
104.1.3 Maximum Slopes

Earthen inner and outer dike dopes shal not be steeper than 3 horizontd to 1 verticd (3:1).
Paved or other protected dopes not requiring mowing, etc. should not be steeper than 2:1.

104.1.4 Minimum Slopes

Inner dopes should not be flatter than 4 horizontal to 1 vertica (4:1). Hatter dopes can be
specified for larger ingtdlations because of wave action but have the disadvantage of added
shdlow areas being conducive to emergent vegetation. Outer dopes shdl be sufficient to
prevent surface runoff from entering the ponds.
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104.1.5 Freeboard

Minimum freeboard shall be 3 feet (1.0 m). For very smdl systems, 2 feet (0.6 m) may be
acceptable.

104.1.6 Design Depth

The minimum operating depth of lagoons shall be not less than 4 feet; exceptions may be made
for aerobic lagoons.

It should not be possible to drain the lagoon lower than the 2 foot level. If shalower drainageis
provided for, the drain shdl be relatively inaccessible to prevent draining the pond by accident
or vanddism.

104.1.6.1 Facultative Lagoon

The maximum operating depth shal be no morethan 6 feet in primary cells. Greeter depthsin
subsequent cells are permissible athough supplementa aeration or mixing may be necessary.

104.1.6.2 Aerated Lagoon

The design water depth of the aerated cell should be 10 to 15 feet. Shalower depths may be
used if the pond bottom is protected againgt scouring by the aerators.

The maximum operating depth of a separate sttling cell shdl be no more than 6 feet.
104.1.6.3 Hydrograph Controlled Release L agoon
The maximum operating depth of a trestment/storage HCR cdll should be no more than 15 feet.
The maximum operating depth of an HCR storage cdll should be no more than 20 feet.
104.1.64 Anaeraobic Lagoon
The design water depth should be 8 to 20 feet.
104.1.6.5 Pretreatment Lagoon
The design water depth should be 6 to 20 feet.
104.1.7 Erosion Control

Excessive erosion of the dikes must be prevented.

110 February 1, 1999



SRFLF40

104171  Seeding

The dikes shal have a cover layer of at least 4 inches (10cm), of fertile topsoil to promote
egtablishment of an adequate vegetative cover wherever other erosion control isnot utilized.
Prior to prefilling (in accordance with 104.2.4), adequate vegetation shal be established on
dikes from the outside toe to 2 feet (0.6 m) above the pond bottom on the interior as measured
onthedope. Perennia-type, low-growing, spreading grasses that minimize eroson and can be
mowed are mogt satisfactory. In generd, dfadfaand other long-rooted crops should not be
used since the roots of this type are got to impair the water holding efficiency of the dikes.

104.1.7.2 Additional Erosion Protection
An acceptable method of erosion contral is required asaminimum around al piping entrances
and exists. For aerated cdls the design should ensure erosion protection on the dopes and
bottoms in the areas where turbulence will occur. Additiona erosion control may dso be
necessary on the exterior dike dope to protect the embankment from erosion due to severe
flooding of awatercourse. Filter materid should be used undernesth any riprap.

104.1.7.3 Alternate Erosion Protection
Alternate eroson control on theinterior dike dopes may be necessary for ponds which are
subject to severe wave action. In these cases erosion protection shall be placed from one foot
(0.3 m) above the high water mark to two feet (0.6 m) below the low water mark (measured on
the verticd).

Synthetic liners are very dippery. If they are used, some method shall be provided to alow
people or animas that have fdlen into the lagoon to climb out without having to svim too far.

104.2 Pond Bottom

104.2.1 Soil
Soil used in constructing the pond bottom (not including sedl) and dike cores shdl be relatively
incompressible and tight and compacted at or up to 4% above the optimum water content to at
least 90% Standard Proctor Density.

104.2.2 Seal
A sed or liner may be required in accordance with Section 101.1.4.

104.2.2.1 L eakage Limit

The water loss from each lagoon cell shal not exceed 500 gpd/ac at a head equd to the
maximum operating depth of the cdl.
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104.2.2.2 Testing Requirements

The PIS shdl indude a requirement thet the leskage limit be met and shal incdlude a specific
testing method.

If testing will be done by soil borings or other locaized testing methods, &t least one test per cell
shdl be done; more should be done as needed. If any individua test fails to meet the leskage
limit, the area of the cell represented by that test shdl be reworked and retested. Fidd tests
should be corrected for evaporation and precipitation, as appropriate.

104.2.2.3 Applicability

The leakage requirement shall apply todl newly constructed or modified cells which will receive
wastewater, regardless of the degree of treatment.

The leakage requirement will not normaly apply to existing cdlls when the cell will receive minor
modifications which will not enlarge or degpen the cdll and where the sail is known to be
relaively impermegble.

104.2.3 Uniformity

The pond bottom shall be asleve aspossble at dl points. Finished devations shdl not be more
than 3 inches (7.5 cm) from the average eevetion of the bottom.

104.2.4 Prefilling
Prefilling the pond should be considered in order to protect the liner, to prevent weed growth,
to reduce odor, and to maintain moisture content of the seal. However, the dikes must be
completely prepared as described in Sections 104.1.7.1-2 before the introduction of water.
104.3 Influent Lines

104.3.1 Material
Generdly accepted materia for underground sewer congtruction shal be used for the influent
lineto the pond.

104.3.2 Manhole
A manhole or vented cleanout wye shdl be ingtaled prior to entrance of the influent lineinto the
primary cell and shal be located as close to the dike as topography permits. Itsinvert shdl be
at least 6 inches (15cm) above the maximum operating level of the pord and provide sufficient
hydraulic head without surcharging the manhole.

104.3.3 Flow Distribution
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Flow digtribution structures shall be designed to effectively split hydraulic and organic loads
proportiondly to parald primary cdls.

104.34 Placement

Influent lines should be located aong the bottom of the pond and shdl have adequate sedl
below them.

104.35 Point of Discharge

All primary cdls shdl have individud influent lines which terminate a gpproximately the center of
the cdll 0 asto minimize short-circuiting. Consideration should be given to multi- influent
discharge points for primary cdlls of 20 acres (8 ha) or larger to enhance the distribution of
wastdoad in the cell.

All aerated cdls shal have influent lines which distribute the load within the mixing zone of the
aeration equipment. Condderation of multiple inlets should be closdly evaduated for any diffused
aeration system.

104.3.6 Influent Discharge Apron

Theinfluent line may discharge horizontdly, directed away from nearby dikes, or verticdly. The
discharge may be into a shalow, saucer-shaped, depression.

The discharge flow shall remain below the water surface. The end of the discharge line shall
rest on a suitable concrete apron large enough to prevent the termina influent velocity at the end
of the gpron from causing soil erosion.

1044 Control Structuresand I nter connecting Piping
104.4.1 Structure

Where possible, facilities design shall consider the use of multi purpose control structures to
fecilitate normal operational functions such as drawdown and flow distribution, flow and depth
measurement, sampling, pumps for recirculation, chemica additions and mixing, and
minimization of the number of condruction Steswithin the dikes.

As aminimum, control structures shal be (a) accessible for maintenance and adjustment of
controls, (b) adequately ventilated for safety and to minimize corrosion; (c) locked to
discourage vandalism; (d) contain controls to permit water level and flow rate control, complete
shutoff, and complete draining; (€) constructed of norrcorrodible materias (metal-on-meta
contact in controls should be of smilar dloys to discourage eectro-chemical reactions); and (f)
located to minimize short-circuiting within the cell and avoid freezing and ice damage.

Recommended devices to regulate water leve are vaves, dide tubes or dud dide gates.
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Regulators should be designed o that they can be presat to stop flows a any pond elevation
104.4.2 Piping

All piping shal be of cast iron or other acceptable materid. The piping shal not be located
within or below the sedl. Pipes should be anchored with adequate erosion control.

104.4.2.1 Drawdown Structure Piping
a Submerged Takeoffs
For ponds designed for shallow or variable depth operations, submerged takeoffs are
recommended. Intakes shdl belocated a minimum of 10 feet (3.0 m) from the toe of the dike
and 2 feet (0.6 m) from the top of the sedl, and shdl employ vertica withdrawal.
b. Multi-Level Takeoffs

For ponds that are designed deep enough to permit stratification of pond content, multiple
takeoffs are recommended. There shal be aminimum of three withdrawa pipes at different
devations. The bottom pipe shal conform to submerged takeoffs. The other should utilize
horizontal entrance. Adequate structura support shal be provided.

C Surface Tekeoffs
Under congtant discharge conditions and/or for relatively shalow ponds under warm westher
conditions, surface overflow type withdrawal isrecommended. A baffle shal extend at least
one foot below the water surface to prevent discharge of floating materia. The baffle shal be
located to alow accurate flow measurement and to prevent excessive currents.
d. Emergency Overflow
To prevent overtopping of dikes, emergency overflow should be provided.

104.4.2.2 Hydraulic Capacity

The hydraulic cagpecity for continuous discharge structures and piping shdl dlow for a minimum
of 250%% of the design flow of the system.

MISCELLANEOUS
105.1 Fencing

The pond area shall be enclosed with an adequate fence to prevent entering of livestock and
discourage trespassing. Fencing should not obstruct vehicle traffic on top of the dike. A vehicle
access gate of sufficient width to accommodate mowing equipment shall be provided. All

access gates shall be provided with locks.

114 February 1, 1999



SRFLF40

105.2 Access

An dl-westher access road shall be provided to the site to alow year-round maintenance.

105.3 Warning Signs

Appropriate permanent signs shall be provided aong the fence around the pond to designate the
nature of the facility and warn againgt trespassing. At least one sign shall be provided on each
side of the site and one for every 500 feet (150 m) of its perimeter.

105.4 Flow Measurement

Flow measurement requirements are presented in Section 46.6. Effective weather protection
shall be provided for the recording equipment.

1055 Groundwater Monitoring

An approved system of wdlls or lysimeters may be required around the perimeter of the pond
siteto facilitate groundwater monitoring. The need for such monitoring will be determined ona
case-by-case basis.

105.6 Laboratory Equipment

For laboratory equipment refer to Chapter 40.

105.7 Pond Level Gauges

Pond level gauges shdl be provided.
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CHAPTER 110
SUPPLEMENTAL TREATMENT PROCESSES

PHOSPHORUS REMOVAL BY CHEMICAL TREATMENT

111.1 System Flexibility

Sysems shdl be designed with sufficient flexibility to alow for severd operationa adjustmentsin
chemica feed location, chemical feed rates, and for feeding dternate chemica compounds.

111.2 Process Requirements

111.21 Dosage
The required chemica dosage shall include the amount needed to react with the phosphorusin
the wastewater, the amount required to drive the chemical reaction to the desired state or
completion, and the amount required due to inefficienciesin mixing or disperson. Excessive
chemica dosage should be avoided.

111.2.2 Chemical Feed Points

Condgderableflexibility in feed location should be provided, and multiple feed points are
recommended.

11123 Flash Mixing
Each chemica must be mixed rapidly and uniformly with the flow stream. Where separate
mixing basins are provided, they should be eguipped with mechanica mixing devices. The
detention period should be at least 30 seconds.

11124 Flocculation

The flocculation equipment should be adjustable in order to obtain optimum floc growth, control
deposition of solids, and prevent floc destruction.

111.25 Liquid - Solids Separ ation
The veocity through pipes or conduits from flocculation basins to settlings basins should not
exceed 1.5 fps (0.46 nvs) in order to minimize floc destruction. Entrance worksto settling
basins should aso be designed to minimize floc shear.
Settling basin design shal be in accordance with criteria outlined in Chapter 60. For design of

the dudge handling system, specid consideration should be given to the type and volume of
dudge generated in the phosphorus removal process.
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111.2.6 Filtration

Effluent filtration shal be conddered where effluent phosphorus concentrations of lessthan 1
mg/1 must be achieved.

111.3 Feed Systems
111.3.1 L ocation

All liquid chemica mixing and feed ingdlations should be ingtaled on corrosion resistant
pedestals and evated above the highest water level anticipated during emergency conditions.

Lime feed equipment should be located so as to minimize the length of durry conduits. All durry
conduitsshdl be blefor cleaning.

111.3.2 Liquid Chemical Feed System
Liquid chemica feed pumps should be of the positive displacement type with variable feed rate.
Pumps shall be sdlected to feed the full range of chemical quantities required for the phosphorus
meass loading conditions anticipated with the largest unit out of service.
Screens and vaves shdl be provided on the chemica feed pump suction lines.

An air break or anti-<phon device shall be provided where the chemical solution stream
discharges to the transport water stream to prevent an induction effect resulting in overfeed.

111.3.3 Dry Chemical Feed System

Each dry chemicd feeder shdl be equipped with adissolver which is capable of providing a
minimum 5-minute retention a the maximum feed rate.

Polydectrolyte feed ingtallations should be equipped with two solution vessdls and transfer
piping for solution make-up and daily operation.

Make-up tanks shdl be provided with an eductor funnel or other appropriate arrangement for
wetting the polymer during the preparation of the stock feed solution. Adequate mixing should
be provided by alarger-diameter low-speed mixer.
111.4 Storage Facilities

11141 Sze

Storage for aminimum of 10 days supply should be provided.
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111.4.2 L ocation
Theliquid chemicd storage tanks and tank fill connections shdl be located within a containment
structure having a capacity exceeding thetotal volume of al storage vessdls. Dischargeline
vaves shdl be located adjacent to the storage tank and within the containment structure.
Auxiliary fadilities, including pumps and controls, within the containment area shdl be located
above the highest anticipated liquid level. Containment areas shal be doped to a sump areaand
ghdl not contain floor drains.
Bag storage should be located near the solution make-up point.

111.4.3 Accessories

Platforms, ladders, and railings should be provided as necessary to afford convenient and safe
accessto dl filling connections, storage tank entries, and measuring devices.

Storage tanks shal have reasonable access provided to facilitate cleaning.
1115 Other Requirements
11151 Materials

All chemica feed equipment and storage facilities shdl be congtructed of materias resstant to
chemicd attack by al chemicals normally used for phosphorus trestment.

11152 Temperature, Humidity and Dust Control
Precautions shdl be taken to prevent chemica storage tanks and feed lines from reaching
temperatures likely to result in freezing or chemica crystallization at the concentrations
employed. A hested enclosure or insulation may be required. Consideration should be given to
temperature, humidity, and dust control in al chemica feed room aress.

11153 Cleaning

Congderation shall be given to the accessibility of piping. Piping should beingtalled with
plugged wyes, tees, or crosses at changes in direction to facilitate deaning.

11154 Drainsand Drawoff
Above-bottom drawoff from chemica storage and feed tanks shal be provided to avoid
withdrawa of settled solidsinto the feed system. A bottom drain shall aso beingtalled for
periodic removal of accumulated settled solids.

111.6 Hazardous Chemical Handling
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The requirements of Section 47.1 shall be met.
112. HIGH RATE EFFLUENT FILTRATION
1121 General

11211 Applicability
Granular mediafilters may be used as atertiary treetment device for the remova of residud
suspended solids from secondary effluents. Where effluent suspended solids requirements are
very low, where secondary effluent quaity can be expected to fluctuate significantly, or where
filtersfollow atreatment process where significant amounts of dgae will be present, a
pre-treatment process such as chemica coagulation and sedimentation or other acceptable
process should precede the filter units.

112.1.2 Design Considerations

Consideration should be given in the plant design to providing flow-equaization fecilitiesto
moderate filter influent quality and quantity.

112.2 Filter Types

Filters may be of the gravity type or pressuretype. Pressure filters shal be provided with ready
and convenient access to the media for treetment or cleaning. Where greases or smilar solids
which result in filter plugging are expected, filters should be of the gravity type.

112.3 Filtration Rates

11231 Allowable Rates

Filtration rates shal not exceed 5 gpnft? (3.4 1/n*s) based on the maximum hydraulic flow
rate gpplied to thefilter units.

112.3.2 Number of Units

Totd filter area shdl be provided in two or more units, and the filtration rate shal be caculated
on thetotd availablefilter areawith the largest unit out of service.

112.4 Backwash
112.4.1 Backwash Rate

The backwash rate shal be adequate to fluidize and expand each medialayer a minimum of
20% based on the media selected. The backwash system shall be capable of providing a
variable backwash rate having a maximum of at least 20 gpm/ft? (13.6 1/nf*s) and aminimum
backwash period of 10 minutes.
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112.4.2 Backwash Pumps

Pumps for backwashing filter units shall be sized and interconnected to provide the required rate
to any filter with the largest pump out of service. Filtered water shal be used as the source of
backwash water. Waste filter backwash shal be recycled for trestment.

112.4.3 Backwash Surge Controal
Therate of return of waste filter backwash water to treatment units shall be controlled such that
the rate does not exceed 15% of the design average daily flow rate to the treatment units. The
hydraulic and organic load from waste backwash water shal be considered in the overdl design
of the trestment plant. Surge tanks shall have a minimum capacity of two backwash volumes,
athough additiond capacity should be considered to alow for operationd flexibility. Where
waste backwash water is returned for treatment by pumping, adequate pumping capecity shal
be provided with the largest unit out of service.

112.4.4 Backwash Water Storage
Total backwash water storage capacity provided in an effluent clearwell or other unit shall equa
or exceed the volume required for two conplete backwash cycles.

1125 Filter Media

11251 Media Specifications

The following table provides minimum media depths and the normally acceptable range of media
Szes. The uniformity coefficient shdl be 1.7 or less. The designer has the respongibility for
section of mediato meet specific conditions and trestment requirements relaive to the project
under congideration.

Minimum Depth and Effective Sze of Flter Media

Snge Dud Triple

Medium Criterion MediaFilter MediaFilter MediaFilter
Anthracite Depth -- 20inches 20inches

Eff. Sze -- 1.0- 20mm 1.0- 20mm
Sand Depth 48inches 12 inches 10inches

Eff. Sze 1.0- 40 mm 0.5- 1.0mm 0.6- 0.8 mm
Garnet or Depth -- - 2inches
Smilar Eff. 9ze -- -- 0.3- 0.6 mm
Materia
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112.6 Filter Appurtenances

Thefilters shdl be equipped with washwater troughs, surface wash or air scouring equipment,
means of measurement and positive control of the backwash rate, equipment for measuring filter
head | oss, positive means of shutting off flow to filter being backwashed, and filter influent and
effluent sampling points. If automatic controls are provided, there shal be amanua override for
operating eguipment, including eech individua valve essentid to the filter operation. The
underdrain system shall be designed for uniform distribution of backwash water (and air, if
provided) without danger of clogging from solids in the backwash water. Provison should be
mede to dlow periodic chlorination of the filter influent or backwash water to control dime
growths,

112.7 Rdliability

Each filter unit shal be designed and ingtalled so that there is ready and convenient accessto dl
components and the media surface for inspection and maintenance without taking other units out
of sarvice. The need for housing of filter units shall depend on expected extreme climatic
conditions at the treatment plant Site. As minimum, al controls shal be enclosed. The structure
housing filter controls and equipment shall be provided with adequate heating and ventilation
equipment to minimize problems with excess humidity.

112.8 Propriegtary Equipment

Where proprietary filtration equipment not conforming to the preceding requirementsis
proposed, data which supports the cgpability of the equipment to meet effluent requirements
under design conditions shal be provided. Such equipment will be reviewed on a case by-case
basis at the discretion of the Department in accordance with Section 43.2.

INTERMITTENT SAND FILTRATION

1131 Introduction

The following standards are for sngle-stage intermittent sand filters that are used to polish
lagoon, activated dudge, or trickling filter effluent. Other uses are dso dlowable.

Congderation shdl be given to pretreating lagoon effluent for agae reduction. All earthen basin
filters shdl comply with Section 44.4.

113.2 Filter Sizeand Number

There shdl be at least two filters.

Thefilters should be of the same size and shape to provide ease of operation.
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113.3 Hydraulic Loading Rate

The hydraulic loading rate with the largest filter out of operation should bein the range of 0.4 to
0.6 MGD/ec.

1134 Media
1134.1 Sand

Sand isthe most commonly used filtration media. Other materials such as crushed shells may be
approvable on a case-by-case basis.

The effective sze should be 0.3 to 1.0 mm. The uniformity coefficient should be no greater than
3.5.

Thefilter media depth should be 24 to 36 inches.

1134.2 Gravel Base
Clean graded grave, preferably placed in at least three layers, should be placed around the
underdrains and to a depth of at least Six inches over the top of the underdrains. Suggested
gradation for the three layers are bottom: 1 2 to 3/4 inches, middle: 3/4 to 1/4 inch, and top:
1/4 to 1/8 inch.
Other support media may be alowable on a case by-case basis.

1135 Underdrain System

Thefilter shal be provided with perforated pipe or Smilar underdrains. Proprietary systems
may be used in lieu of conventiond underdrain-gravel bed congtruction.

Underdrains shall be doped to the outlet and shall be placed on 10 foot maximum centers.
The underdrain shal drain sufficiently between dosings to provide an open ar channel.

Vertica riser vents shal be provided at both ends of each underdrain pipe and shall be located
S0 as hot to be overtopped a maximum dosing depth.

113.6 Influent System
Theinfluent system should be able to apply the entire daly hydraulic load in lessthan six hours.

Splash pads or other methods shall be provided to prevent erosion of the filter medium.
113.7 Sand Cleaning

If spent filter medium is stored on-site, it shall be stored in asted, plastic, concrete, or Smilar
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container or in an earthen impoundment which meets the requirements of Section 104.2 and dll
subsections.

There shdl be no discharge from the spent filter media holding area or dleaning unit. All
discharge fluids shal be sent to the WWTP upstream of the mgjor biologica treatment process.

113.8 Surface Runoff

Thefilter and spent medium storage area shal be designed so as to preclude the entry of surface
runoff.

MICROSCREENING
114.1 General
114.1.1 Applicability

Microscreening units may be used following abiological treatment process for the remova of
residua suspended solids. Sdlection of this unit process should consider find effluent
requirements, the preceding biological treatment process, and anticipated consistency of
biologicd processto provide a high qudity effluent. Microscreens shdl not be used following
lagoons or free water surface wetland treatment facilities.

114.1.2 Design Considerations

Pilot plant testing on existing secondary effluent is encouraged. Where pilot studies so indicate,
where microscreens follow trickling filters, or where effluent suspended solids requirements are
lessthan 10 mg/1, a pretrestment process such as chemical coagulation and sedimentation shall
be provided. Care should be taken in the sdlection of pumping equipment ahead of
microscreens to minimize shearing of floc particles. The process design shdl include flow
equdization fadilities to moderate microscreen influent qudity and quantity.

114.2 Screen Material

The microfabric shdl be amaterid demongtrated to be durable through long-term performance
data. The aperture size must be sdected considering required removal efficiencies, normally
ranging from 20 to 35 microns. The use of pilot plant testing for gperture Size sdlectionis
recommended.

114.3 Screening Rate

The screening rate shall be selected to be competible with available pilot plant test results and
selected screen gperture size, but shall not exceed 5 gpmft? (3.40 U+ s) of effective screen
area based on the maximum hydraulic flow rate gpplied to the units. The effective screen area
shall be considered as the submerged screen surface arealless the area of screen blocked by
structural supports and fasteners. The screening rate shall be that applied to the units with the
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largest unit out of service.
114.4 Backwash

All waste backwash water generated by the microscreening operation shall be recycled for
treatment. The backwash volume and pressure shdl be adeguete to assure maintenance of
fabric deanliness and flow capacity. Equipment for backwash of at least 8 gpmylinear foot

(1.66 1/m*s) of screen length, 60 psi (4.22 kgf/cn?) capecity, respectively, shall be provided.
Backwash water shal be supplied continuoudy by multiple pumps, including one standby, and
should be obtained from microscreened effluent. The rate of return of waste backwash water to
treatment units shall be controlled such that the rate does not exceed 15% of the design average
daily flow rate to the trestment plant. If the hydraulic and organic load from waste backwash
water is returned for trestment by pumping, adequate pumping capacity shal be provided with
the largest pump out of service. Provisions should be made for measuring backwash flow.

1145 Appurtenances

Each microscreen unit shal be provided with automatic drum speed controls with provisions for
manual override, a bypass weir with an darm for use when the screen becomes blinded to
prevent excessive head development, and means for dewatering the unit for inspection and
maintenance. Bypassed flows must be segregated from water used for backwashing.
Equipment for control of biologica dime growths shal be provided. The use of chlorine should
be redtricted to those ingtdlations where the screen materia is not subject to damage by the
chlorine.

114.6 Rdliability

A minimum of two microscreen units shdl be provided, each unit being cgpable of independent
operdion a the design average flow. A supply of critical spare parts shal be provided and
maintained. All unitsand control shal be enclosed in a hested and ventilated structure with
adequate working space to provide for easse of maintenance.

POST AERATION

115.1 Initial Dissolved Oxygen Concentration

Aninitid dissolved oxygen (DO) concentration of zero should be assumed. Aninitid DO
concentration higher than 2.0 mg/1 shall not be assumed.

1152 Maximum Effluent Temperature

The post aerator shall be designed to provide the required DO a the maximum effluent
temperature.

Theactud one-in-tenyear high effluent temperature may be used. Otherwise, a maximum
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temperature of at least 25EC shall be used.
115.3 Cascade Aeration
11531 Type

Cascade aeration shall be of the "step” type, with each step at least six (6) inches high and
twelve (12) inches deep (front to rear).

11532 Height

Thetota height shall not be less than eight (8) fet, and shdl be caculated with the Barreit
formula
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122.
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CHAPTER 120
LAND APPLICATION OF WASTEWATER

REFERENCES
Land treatment systems should be designed in accordance with:

a Land Trestment of Municipal Wastewater (1981) EPA 625/1-81-013;

b. Land Treatment of Municipal Wastewater: Supplement on Rapid Infiltration and
Overland Flow(1984) EPA 625/1-81-0314a;

cC Natural Systems for Wastewater Trestment (1990) Water Environment Federation
Manual of Practice FD-16, or;

d. Other appropriate references.

OVERLAND FLOW SYSTEMS

Some of the mgjor design criteriafrom the referenced publications are summarized below. No
attempt has been made to be dl-inclusve. The referenced publications should be consulted for
detailed design and O & M guidance.

1221 Storage/Pretreatment

A holding pond before the overland flow dope shdl be provided to alow for operationa
flexibility. The minimum detention time shdll be 5 days. Otherwise the pond must comply with
Section 55, Flow Equalization.

Overland flow shdl not be used to treat effluents from facultative, @robic, partially aerated,
HCR, or pretrestment lagoons unless algae removal is provided.

Secondary sttling prior to land gpplication should be considered.
122.2 Sizing of Application Field

One of the rational design procedure described in the referenced publications may be used.
Otherwise, the fallowing empirical design ranges may be used.

1222.1 SlopeLength

The dope length should be about 150 feet or longer.
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12222 L oading Rate

Both the gpplication and hydraulic loading rate criteriain the following table must be stisfied.
Thelow end of the ranges should be used when the effluent limits are dtrict.

Prespplication Application Rate, gph per Hydraulic Loading
Trestment foot of dopewidth Rate in/day
Aerated Lagoon 6.4-11.3 08-33
(1 day detention)
Primary Sedimentation 56- 9.7 10-35
Secondary 89-13.7 12-39
122.2.3 Application Period

SRFLF40

The gpplication period should be 8-12 hrs/day.

12224 Application Frequency
The gpplication frequency should be 5-7 days/week.

12225 Continuous Application
Overland flow systems shall not be sized based on continuous application; however, it is
permissible to operate a system continuoudy aslong as dl permit limits (*and project
performance standards) are met.

122.3 Application Field Construction

The soil/groundwater study requirements for earthen impoundments found in Section 101.1.4
aso gpply to land trestment projects.

Slope should be 2-8% with a cross dope of no more than 0.5%.

The PIS should require that surface eevations not differ from the design eevations by more than
0.05 ft. There should be no swales or depressions.

A maximum clod size on the prepared surface prior to seeding should be specified.

The P/S should forbid driving equipment on the finished dope unless the equipment has high
flotation tiresto minimize rutting.
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122.4 Distribution System

The digribution system shdl have enough flexibility to alow application of wastewater to parts
of the dope while other parts are dlowed to dry for maintenance.

The digtribution system shal be designed so as to minimize the likelihood of damage by
equipment during routine maintenance.

122.4.1 Surface Digtribution
Sotted or perforated pipe may be used. The openings must be uniformly machined.
A sawtooth weir that is similar to a clarifier weir may be used.

The pipe or weir should be adjustable to alow leveling and must alow uniform gpplication dong
itslength.

The surface distribution system must discharge on to agravel bed or some other device which
will minimize erosion and ensure uniform shest flow.

122.4.2 Spray or Sprinkler Digribution

There must besufficient downd ope distance beyond the spray pattern to alow for adequate
treatment.

1225 Vegetation Selection and Establishment

The P/S should require that the dope be finished and planted as early in the growing season as
practicable, so asto alow the maximum time for the cover to be established.

The P/S should require that the dope be watered with about one inch of water every three days
or twice aweek after seeding or sodding until the cover isfirmly established; and then weatered
as needed theregfter to maintain the cover in good condition.

Watering shal be done carefully to prevent erosion; there should be no runoff. Wastewater,
stream water (if permitted), or potable water may be used.
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CHAPTER 130
CONSTRUCTED WETLANDS

INTRODUCTION

Congtructed wetlands are a promising method for advanced treatment. Sincethereisnot yet a
consensus on specific design criteriaonly afew technica requirements are presented.

REFERENCES
Congtructed wetland systems may be designed in accordance with:

a Natural Systems for Wastewater Trestment (1990) Water Environment Federation
Manual of Practice FD-16;

b. Congtructed Wetlands for Wastewater Treatment (1989) Dondd A. Hammer, Lewis
Publisher, Chelsea, Ml;

C Wastewater Treatment/Disposal for Smal Communities (9/1992), EPA/625/R-92/005;

d. Congructed Wetlands and Aguatic Plant Systems for Municipal Wastewater Treatment
(1988) EPA/625/1-88/022, or;

e Other appropriate references.
DESIGN
133.1 General Design Criteria

Theflow control structure or effluent structure shall be designed to alow variable depth of flow
inthewetland cdlls.

Theinitid planting shal be dense enough to result in compliance with the permit by the end of
thefirg full growing season, unless otherwise alowed by the permit.

Levee congruction, cdl bottom sedling, pretreatment lagoons, and other earthwork shdl
conform to Chapter 100.

Multiple cells should be provided.
Plants used should be proven suitable and planted on maximum three foot centers.

Consderation should be given to dgae removal.
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133.2 FreeWater Surface

Currently, the loading rates (not accounting for anmoniaremova) are about 1540 ac/MGD.
The actud rates used for design will be system-specific.

133.3 Subsurface Flow
A minimum of primary pretrestment is required.

The organic loading rate shall not exceed 0.1 |b BODs/ft* of end arealday (at the head of the
wetland cdlls).

Consideration should be given to the cross-sectiona area of the channel to prevent hydraulic
overloading and plugging by algae. The hydraulic loading rate shall not exceed 350 gpd/ft? of
end area (a the head of the wetland cells).

A minimum hydraulic detention time of 24 hours shall be provided for secondary treatment;
longer times and other performance-enhancing features shall be used to mest more stringent
limits

A maximum long term porosity of grester than 35% shall not be assumed.

The bed bottom dope should be 1% - 2%.

Beds should consist of 18 to 24 inches of washed stone or artificial mediawith specified sizes of
3/4to 3 inches and less than 5% fines.

P/S shdl prohibit the operation of vehides on in-place media
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